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This  study  investigated  the  technical  and  economic  feasibility  of  energy  and  materials  recovery 
from  solid  waste  presently  landfilled  at  Fort  Dix.NJ.  The  waste  stream  consists  of  conventional 
mixed  solid  waste  generated  at  Fort  Dix  and  adjacent  McGuire  Air  Force  Base  (AFB).  The 
available  energy  content  of  the  waste  stream  is  approximately  21.4  x I0'°  Btu /year  from  18,600 
tons/year  mixed  solid  waste.  Combining  civilian  waste  from  nearby  communities  with  the 
military  waste  stream  was  considered.  A total  of  73,900  tons/ year  could  be  processed  and  the 
heat  energy  utilized.  
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Using  solid  waste  from  both  military  installations  alone,  commercially  available  package 
controlled-air  incinerators  with  energy-recovery  boilers  are  the  most  cost-effective  alternative. 
This  alternative  has  a savings/  investment  ratio  (SI  R)  of  4. 36/ 1 .00,  requires  a capital  invest  ment 
in  FY80  dollars  of  S2.7S  million,  and  conserves  I.OS  million  gal  of  fuel  oil  each  year.  The  time 
required  to  pay  back  the  investment  is  4.7  years.  The  energy  to  cost  ratio  is  57.3  million  Btu 
saved  annually  per  SI 000  invested. 

Using  civilian  together  with  military  waste  requires  field-erected  incinerator-boilers  with  a 
capital  investment  of  $13. 1 million.  This  alternative  has  an  SIR  of  3.60/ 1.00  and  a payback 
period  of  5.0  years.  The  amount  of  fuel  oil  conserved  is  3.73  million  gal  each  year.  The  energy  to 
cost  ratio  is  42.7  million  Btu  saved  annually  per  SI000  invested. 

Continuing  the  present  practice  of  landfilling  at  Fort  Dix  is  environmentally  and  technically 
sound,  but  would  involve  cost  instead  of  savings,  and  would  have  no  fuel  conservation  benefits. 
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SUMMARY 


Objective 

The  objective  of  the  study  conducted  under  Intra-Army  Order  S079-76  was  to  assess  the 
technical  and  economic  feasibility  of  recovering  energy  and  materials  from  solid  waste 
generated  at  Fort  Dix  (including  adjacent  McGuire  Air  Force  BasefAFBj).  In  accordance  with 
recent  DOD  guidelines.1  the  feasibility  ot  using  solid  waste  generated  in  the  surrounding  civilian 
area  as  an  energy  resource  at  Fort  Oix  was  also  investigated 

Solid  Waste  Generation 

The  study  indicated  that  approximately  60  tons  day  (6  days  week  basis)  ol  solid  waste  is 
generated  within  the  Fort  Dix  and  McGuire  AFB  complex  Fort  Oix  generates  .14  tons  day. 
and  McGuire  AFB  26  tons  day.  The  waste  energy  generation  rate  of  the  total  waste  stream  is 
214.000  MBtu;  year. 

The  area  immediately  surrounding  Fori  Dix  is  largely  residential,  with  Mount  Hollv.  10  miles 
west,  being  the  largest  local  city,  with  a population  of  14. 000 

Regionalization 

It  was  lound  that  approximately  190  tons  day  ol  waste  generated  in  the  surrounding  civilian 
area  could  be  made  available  to  Fort  Dix  as  an  energy  resource. 

Current  Waste  Disposal  Operations 

Solid  waste  generated  at  Fort  Dix  and  McGuire  AFB  is  collected  and  hauled  bv  a private 
contractor  to  a sanitary  landfill  located  at  Fort  Dix  The  landfill  is  env  irnnmentally  sound  and 
has  an  indeterminate  functional  life  Other  area  is  available  at  Fort  Dix  lor  landlilling  w hen  the 
current  facility  becomes  depleted. 

Energy-Recovery  Alternatives 

General 

Two  energy-recovery  alternatives  were  evaluated  using  military  waste  only  (Fort  Dix  and 
McGuire  AFB).  In  addition,  twoaltcrnativcs  were  evaluated  using  military  and  civilian  waste  as 
an  energy  resource.  In  the  regional  (military-civilian)  alternatives,  certain  limitations  were 
placed  on  the  nature  of  civilian  waste  delivered  to  Fort  Dix  These  limitations  required  delivery 
of  combustible  waste  material  devoid  of  adverse  materials  such  as  oversired  bulky 
incombustible*  (e  g . w hite  goods),  explosives  and  other  highly  volatile  wastes,  toxic  substances, 
and  pathological  waste  In  essence,  delivered  material  from  the  civilian  areas  would  be  a 
pretreated  (by  separation)  refuse-derived  fuel 

Technology 

Of  the  four  alternatives  evaluated,  one  employs  modular  (package)  heat  recovery 
incinerators,  w hile  three  use  site-erected  watcrwall  furnaces.  T he  modular  incinerator  system  is 
the  controlled  air  type,  a horizontal  cylindrical  stationary  bed  furnace  with  semi-continuous 
ram  feeding  and  positive  displacement  ash  removal.  The  recommended  configuration  is  the 
piggyback  dual  chamber,  combustion  is  at  less  than  theoretical  air  in  the  primary  chamber,  with 
complete  burnout  achieved  in  excess  air  environment  in  the  secondary  chamber  Off-gases  enter 
a package  water! ube  boiler  for  steam  generation,  pass  through  air  pollution  control  equipment, 
and  are  vented  to  the  atmosphere.  Delivered  waste  is  handled  by  the  front -end  loader  tipping 
floor  method  Quenched  ash  is  containerized  for  regular  removal  to  landfill. 


'Solnl  H aste  Management  Collection.  Disposal.  Resource  Recovery,  anil  Recycling  Program.  Depart- 
ment of  Defense  (DOD)  Direclve  4165.60  (October  1976) 
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In  the  alternatives  using  the  waterwall  furnace,  initial  handling  of  waste  is  by  front-end 
loader.  The  material  is  fired  on  a double  reciprocating  grate  stoker.  Quenched  ash  is 
containerised  for  regular  removal  to  landfill. 

For  all  alternatives,  the  recommended  plant  location  is  adjacent  to  existing  Boiler  Plant  588 1 
Steam  is  distributed  to  the  existing  main  header,  and  condensate  is  returned  to  the  waste  heal 
plant.  Operation  is  three  shifts/dav.  6 days/ week,  allowing  a seventh  day  for  maintenance  and 
peak  load  processing.  Equipment  redundancy  is  included  in  the  most  cost-effective  alternative. 

Economic  Analysis 

In  accordance  with  AR  1 1-28  (December  1975).  the  present  value  (PV)  method  of  economic 
analysis  was  used.  Short-term  and  long-term  differential  escalation  rates  used  arc  shown  in 
Table  A.  A discount  rate  of  10  percent  was  employed.  The  analyses  were  carried  out  for  a project 
economic  life  of  25  years(FY8l  through  FY06).  Table  B summaries  the  economic  analyses  of 
alternative  resource-recovery  systems  Economic  analyses  which  result  in  a Savings  to 
Investment  Ratio  (SIR)  greater  than  1.0  are.  by  definition,  cost  effective. 

Alternative  A:  Continue  Present  Practice 

This  is  the  baseline  alternative  against  which  the  costs  and  benefits  of  resource-recovery 
alternatives  were  compared  Presently  used  and  potential  landfill  facilities  at  Fort  Dix  are 
adequate  to  accommodate  future  waste  generation  over  the  longterm.  This  alternative  requires 
no  major  capital  investment.  Waste  collection  and  hauling  are  by  contractor,  with  disposal  in 
the  on-post  Army-operated  landfill  The  25-vcar  PV  cost  of  this  alternative  is  J5.740.000, 
including  contracts  and  landfill  operation.  There  are  no  resource- recovery  aspects  to  this 
alternative. 

Alternative  H Military  Haste.  Modular  Incinerators 

This  alternative  includes  five  modular  incinerator-boiler  systems,  of  which  four  are  in 
continuous  parallel  operation  and  the  fifth  is  available  as  backup.  Steam  production  is  21.000 
Ih  hr  An  investment  of  J2. 750.000  is  required  Approximately  1,050.000  gal/year  fuel  oil 
would  be  conserved  Compared  to  the  baseline  alternative  (A),  this  system  has  an  SI  R of  4. 3 and 
a corresponding  payback  period  of  4.7  years.  (See  Table  B). 


Table  A 

Basis  of  Kronnmir  Analvnin 


Date  of  Estimate:  June  1977 
Firnt  Year  of  Project  Operation:  FY81 
Length  of  Fconomic  Life:  25  years 
Midpoint  of  Construction:  June  1980 


Short-Term 

Long-Term  <2ft-yrl 

Rwralation  Rate*  (%/yr» 

Differentia! 

Annual  ('oat  Klement 

(’nil  ('owl 

KY7H 

KY7» 

FYHO 

KYHl 

Karalatinn  Rale  l%l* 

Construction 

- 

8.0 

8 0 

8.0 

NA 

0 

1 abor 

- 

7.0 

6.6 

6.5 

6.5 

0 

Materials 

- 

7.0 

6.6 

6.5 

6.5 

0 

Maintenance 

5°T  of  cap 

7.0 

6.6 

6.5 

6.5 

0 

Fuel  Oil 

$0  .16  gal 

16.0 

160 

16.0 

16.0 

8.0 

Flectncity 

SO  026  kWh 

160 

160 

160 

160 

70 

Water 

SO.  50/kgal 

5.0 

50 

5.0 

5.0 

0 

Reclaimed  Ferrous 

$26. 70 /ton 

5.0 

5.0 

5.0 

5.0 

0 

Vehicle  Fuel 

SO.  55/ gal 

16.0 

160 

16  0 

16.0 

8.0 

•Differential  rate  of  0%  indicates  cost  escalates  according  to  average  national  inflation 


Table  B 


Summary  of  Energy-Recovery  Alternatives 


Alter- 

Tone/yr 

Operating  Steam 

Percent  of 

KY76  Poet 

Capital 

Year,  to 

Knergv- 

to-Coet 

native 

Proceed 

Capacity  (lb/ hr) 

Heating  Umi 

Investment  (*) 

SIR 

Payback 

Ratio  • 

A 

18.600 

. 

- 

- 

- 

• 

* 

B 

18.600 

21.000 

97 

2.750.000 

4 36 

4.7 

57.3 

C 

18,600 

21.000 

10  0 

2.950.000 

395 

5.3 

559 

D 

52.100 

50.000 

21.0 

9.790.000 

2.84 

6.5 

35  2 

E 

73,900 

75.000 

35.0 

13.100.000 

3.60 

5.0 

42.7 

•Note:  The  energy-to-cosi  ratio  is  ihe  annual  energy  savings  in  Btu  per  $1000  invested  in  ihe  alternative 


Alternative  C:  Military  Waste,  Site-Erected  Incinerator 
T his  alternative  includes  a site-erected  waterwail  incinerator  to  lire  as-received  solid  waste 
generated  at  Fort  Dix  and  McGuire  AFB.  Steam  production  is  21.000  Ih  hr  Approximately 
1.100,000  gal/ year  fuel  oil  would  be  conserved.  Compared  to  the  baseline  alternative  (A),  this 
system  has  an  SIR  of  3.95  and  a corresponding  payback  period  of  5.3  years.  (See  Table  B.) 


Alternative  P:  Regional  Waste.  Site- Erected  bn  i iterator  H'ith  Ferrous  Metals  Preseparation.  / 
This  alternative  includes  three  site-erected  waterwail  incinerators  firing  coarse-shredded, 
ferrous-depleted  solid  waste.  Material  received  both  from  Fort  Dix  and  McGuire  AFB  and  the 
civilian  community  (on  demand  to  meet  steaming  requirements)  passes  through  a shredder 
(vertical  shaft  hammcrmill)  and  magnetic  separator  for  extraction  of  ferrous  metals.  Mass 
processing  rate  is  52.100  tons/ year.  Steam  production  is  50.000  lb  ' hr.  which  is  greater  than  the 
load  on  Boiler  Plant  5881.  A new  steam  line  with  condensate  return  is  installed  toconnect  the 
Boiler  Plant  5881  distribution  system  to  Boiler  Plant  5252  (hospital  boiler  plant),  allowing  its 
shutdown  for  most  of  the  year  T he  required  investment  for  this  system  is  $9,790,000  Annual 
fuel  oil  savings  total  2,300.000  gal.  Compared  to  the  baseline  alternative  (A),  this  system  has  an 
SIR  of  2.84  and  a corresponding  payback  period  of  6.5  years.  (See  Table  R.) 

Alternative  E:  Regional  Waste.  Site-  Erected  Incinerator  With  Ferrous  Metals  Preseparation.  II 
Technology  under  this  alternative  includes  three  site-erected  waterwail  incinerators  to  fire 
coarse-shredded,  ferrous-depleted  solid  waste.  Material  received  both  from  Fort  Dix  and 
McGuire  AFB  and  the  civilian  community  (on  demand  to  meet  steaming  requirements)  passes 
through  a shredder  (vertical  shaft  hammcrmill)  and  magnetic  separator  for  ext  faction  ol  ferrous 
metals.  Mass  processing  rate  is  73.900  tons/vear.  Steam  production  is  75.000  Ib'hr.  which  is 
greater  than  the  load  on  Boiler  Plant  5881.  A new  steam  line  with  condensate  return  connects 
the  distribution  systems  of  Boiler  Plants  5881  and  5426.  the  second  maior  heating  plant  on  the 
post.  The  required  investment  for  this  system  is  $13,100,000.  Annual  fuel  oil  savings  total 
3.730.000  gal.  Compared  to  the  baseline  alternative  (A),  this  system  has  an  SIR  of  3.6  and  a 
corresponding  payback  period  of  5.0  years.  (See  Table  B.) 


Conclusion* 

The  study  indicated  that  it  is  technically  feasible  to  recover  energy  from  solid  waste  at  Fort 
Dix  and  McGuire  AFB,  as  shown  by  Alternatives  B and  C.  Metals  and  energy  recovery  from 
incineration  of  civilian  and  military  wastes  are  technically  and  economically  feasible,  as  shown 
by  Alternatives  D and  E. 
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Alternative  B is  the  most  cost-effective,  is  the  least-investment  energy-recovery  alternative, 
will  save  1,050,000  gal/ year  fuel  oil,  and  requires  a capital  investment  of  S2.750.000.  Its 
payback  period  is  4.7  years.  The  energy-to-cost  ratio  is  57.3. 

Alternative  C is  the  second  most  cost-effective  energy-recovery  alternative;  the  energy-to-cost 
ratio  is  55.9. 

Alternative  E is  cost-effective  and  the  most  fuel-conservative  energy-recovery  alternative:  it 
will  save  3,730,000  gal/ year  fuel  oil.  It  requires  a capital  investment  of  $13,100,000  and  has  a 
payback  period  of  5.0  years.  The  energy-to-cost  ratio  is  42.7. 

Continuation  of  landfilling  Fort  Dix  and  McGuire  AFB  wastes  at  the  Fort  Dix  landfill 
(Alternative  A)  is  acceptable;  however,  it  is  the  least  cost-effective  alternative,  and  does  not 
provide  for  energy  conservation. 

The  break-even  point  for  a shredder  for  construction  demolition  lumher  is  416  tons /year  for 
Alternatives  B and  C.  Shredders  are  required  as  part  of  Alternatives  D and  E. 

Data  from  the  weigh  survey  and  national  average  waste  characterization  were  sufficient  for 
the  economic  analysis,  but  are  not  adequate  for  engineering  design  calculations. 

Incinerator  residue  is  not  acceptable  for  use  as  road  construction  material. 

Recommendations 

Fort  Dix  should  construct  a resource-recovery  facility-either  the  least-investment  alternative 
(Alternative  B)  or  the  most  fuel-conservative  energy-recovery  alternative  (Alternative  E).  and 
achieve  payback  in  less  than  5 years.  It  is  therefore  recommended  that  Fort  Dix  prioritize  fuel 
savings  vs  project  cost  and  implement  the  energy-recovery  system  which  best  responds  to  these 
priorities. 

Incombustibles  such  as  concrete,  sand,  steel  from  construction  demolition,  and  oversized 
bulky  items,  “self-help”  disposals,  and  incinerator  residue  should  continue  to  be  at  landfilled 
Fort  Dix. 

Metal  recycling  should  only  be  incorporated  in  Alternative  E.  energy-recovery  incinerator 
plant  operations,  because  it  would  not  be  cost  effective  in  the  other  alternatives. 

If  either  Alternative  B orC  is  funded,  investigations  should  be  undertaken  to  determine  site- 
specific  design  data  (i.e.,  tons  of  waste/day  and  heating  value  of  the  waste)  and  whether 
sufficient  construction/demolition  lumber  will  be  available  to  make  incorporation  of  a shredder 
cost  effective. 

If  Alternative  E is  selected,  a formal  agreement  should  be  made  with  the  civilian  solid  waste 
management  representatives  to  assure  delivery  of  appropriate  quantities  and  quality  of  solid 
waste. 
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TECHNICAL  EVALUATION  STUDY: 
ENERGY  RECOVERY 
FROM  SOLID  WASTE  AT  FORT  DIX.  NJ 
AND  NEARBY  CIVILIAN  COMMUNITIES 

1 INTRODUCTION 

Background 

Fort  Dix  is  located  in  central  New  Jersey,  about  18  miles 
southeast  of  Trenton  in  gently  rolling  terrain.  The  installa- 
tion's primary  mission  is  basic  training  of  Army  recruits. 

Fort  Dix  and  the  adjacent  McGuire  Air  Force  Base 
(AFB)  have  an  Interservice  Support  Agreement  whereby 
Fort  Dix  landfills  McGuire  AFB's  waste.  In  return, 
McGuire  AFB  pays  its  share  of  the  landfill  operating  costs. 
The  agreement  is  renewed  annually.  Directorate  of 
Facilities  Engineering  personnel  estimate  the  remaining 
life  of  the  existing  Fort  Dix  landfill  to  be  3 years. 

An  alternative  landfill  or  solid  waste  management 
system  is  being  sought  to  reduce  solid  waste  management 
costs.  One  alternative  being  considered  is  burning  of  the 
combustible  portion  of  solid  waste,  with  energy  recovery 
from  a boiler  in  the  form  ol  steam.  Steam  produced  in  this 
manner  often  yields  a significant  savings  in  conventional 
fuels,  with  a resultant  cost  avoidance  For  these  reasons, 
the  Facilities  Fngineer  at  Fort  Dix  initiated  a feasibility 
study  of  energy  recovery  from  solid  waste:  this  report 
provides  the  results  of  that  study 

Objective 

The  objectives  of  this  study  were  (I)  to  ascertain  the 
technical  and  economic  feasibility  of  energy  and  materials 
recovery  from  solid  waste  at  Fort  Dix.  (2)  to  consider  the 
economic  feasibility  of  on-post  energy  and  materials 
recovery  from  solid  waste  delivered  from  nearby  civilian 
communities.  (3)  to  identify  the  most  cost-effective  systems 
for  implementing  energy  recovery,  and  (4)  to  furnish 
engineering  and  economic  data  for  subsequent  project 
development. 

Approach  and  Scope 

A solid  waste  survey  was  conducted  at  Fort  Dix  to 
determine  the  generation  rate  and  main  constituents  of  the 
solid  waste  stream.  The  current  solid  waste  management 
system  was  examined,  and  data  pertaining  to  present  steam 
demands  were  analyzed.  The  sale  potential  of  recyclable 
materials  from  the  waste  stream  was  also  analyzed.  Data 
from  this  portion  of  the  study  served  as  the  basis  for 
evaluating  alternative  systems. 


The  administrator  of  the  Office  of  Solid  Waste 
Management  Programs.  Burlington  County.  NJ.  and 
representatives  of  the  State  of  New  Jersey  Department 
of  Environmental  Protection  were  consulted  to  determine 
( I)  the  quantitative  composition  of  solid  waste,  and  (2)  the 
distribution  of  solid  waste  in  the  surrounding  community. 

Manufacturers  and  vendors  of  commercially  available 
energy-recovery  systems  were  contacted  to  obtain  current 
performance  characteristics  and  installed  costs  of 
hardware.  Conceptual  designs  of  technically  applicable 
systems  were  prepared,  and  initial  and  recurring  costs  were 
determined  for  each  system.  The  recommended  system  was 
then  chosen  on  the  basis  of  its  savings/investment  ratio 
(SIR).  Consideration  as  to  the  feasibility  of  locating  a 
future  landfill  within  the  boundaries  of  Fort  Dix  was 
outside  the  scope  of  this  study. 


2 BASIS  FOR  SYSTEM  EVALUATION 


Characterization  ol  Solid  Watte 

The  solid  waste  considered  in  this  study  originates  in  the 
cantonment  area,  family  housing  area,  and  firing  ranges  at 
Fort  Dix  and  McGuire  AFB  All  refuse,  except  food  waste, 
is  currently  hauled  to  the  Fort  Dix  landfill. 

Table  I displays  the  data  collected  during  a weigh  survey 
conducted  by  the  ll.S.  Army  Construction  Engineering 
Research  l aboratory  (CERL).  Volume  data  were 
provided  by  the  Fort  Dix  contract  hauler;  the  as-collected 
density  was  computed  from  these  data  and  weigh  survey 
records.  Results  indicate  that  Fort  Dix  and  McGuire  AFB 
wastes  are  presently  landfilled  at  an  average  rate  of  59  6 
tons  per  day  (TPD)  on  a 5-day  basis  (TPD<)  This  rate 
excludes  I.3TPD*  of  potentially  recyclable  card  board  and 
2.7  TPD*  of  wood  from  construction  demolition 

Figure  I presents  the  monthly  volume  of  waste 
generated  at  Fort  Dix  and  McGuire  AFB  taken  to  the 
landfill  by  the  contract  hauler  for  2 years  prior  to  the  study. 
Table  2 shows  average  daily  refuse  generated  at  Fort  Dix 
based  on  historical  data  on  refuse  hauled  to  the  landfill  by 
the  contract  hauler.  The  volumes  used  in  Table  2 are  8- 
week  averages  for  January  and  February  I97f>  The 
average  density  was  taken  from  Table  I.  and  the  computed 
weight  determined  by  multiplying  the  volume  by  the 
average  density. 
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Table  1 

Result*  of  Weigh  Survey 


Fort  Dll*  Mimed  Solid  Wn.le 


Onle 

< IH7HI 

l>«y  »f 
Week 

Weight 

ItOMl 

Volume 
(eu  yd) 

A**colle«‘ted 
Density 
(tons/cu  yd) 

19  April 

Monday 

49. 3 

1,908 

0.0258 

20  April 

Tuesday 

3b.  0 

1.808 

0.0199 

Average 

42.7 

1.858 

0.0229 

Fort 

Di> 

Wood" 

Weight 

(tons) 

Fort  DU 
Cardboard 
ft  Paper  t 
Weight 
(tons) 

McGuire 

AFB 

Refuse 

Weight 

(tons) 

Combined 
Fort  Dim/ 
McGuire  AFB 
Refuse 
Weight 
(tons) 

3.7 

1.0 

35.5 

84.8 

1.6 

1.6 

29.0 

65.0 

2.7 

1.3 

32.3 

74.9 

• Segregated  incombustibles  such  as  steel,  concrete,  sand  and  gravel  were  not  weighed.  There 
was  a total  of  five  trucks  carrying  such  waste  in  2 days. 

••  Construction  demolition  lumber, 
t Source-segregated. 


Table  2 

Average  Daily  Fort  Dix  Refuse 


Avprtlf 

Computed 

Volume 

Density 

Weight 

Day 

Iru  vdl 

(tonm/ru  vdl 

(tons) 

Monday 

1.817 

0 0229 

416 

Tuesday 

1.795 

00229 

411 

Wednesday 

1.325 

0 0229 

30  3 

Thursday 

1.495 

0 0229 

34.2 

Friday 

1.665 

00229 

38  1 

Saturday 

815 

00229 

18  7 

Weekly  Total 

8.912 

204  0 

12 


000*09 


H1N0N  ddd  N01  U.H9I3M  Q3±DdM0D 


Fijoire  1.  Landfilled  oontrartor-collerted  refuse 


Table  .1  shows  the  computation  of  the  lower  (as-fired) 
heating  value  and  ash  content  of  waste  of  the  type 
generated  at  Fort  Dix.  The  data  for  each  constituent  are 
national  average  solid  waste  figures.  Based  on  the  data  in 
Table  3,  the  combined  waste  stream  of  Fort  Dix  and 
McGuire  AFB  has  an  energy  potential  of  822  MBtu  day 
on  a 5-day  basis,  and  the  ash  disposal  requirements  in  an 
energy-recovery  system  would  be  1 7 5 TPDt.  If  the  project 
enters  the  design  phase,  it  is  expected  that  the  architect 
engineer  (A/E)  will  need  to  conduct  an  independent  waste 
survey  to  verify  these  data.  The  A/E  may  also  need  to 
consider  the  impact  of  any  changes  in  the  management  of 
solid  waste  collection,  such  as  recycling  of  high  grade  office 
paper  or  newspaper. 

Table  3 


Combustion  Characteristics  of  Waste 


Weight 

Aah 

('ftlrulnteri 

WfijhtMl 

1 tiwor 

Itenling 

V«luf 

('•leuluted 

Wright«*d 

Lower 

IlfHlinfl 

V »lu«' 

CoiMtiturnt 

<%>• 

CS.I’ 

<%  A»h> 

(Htu/lhl* 

(lltu/lhi 

Paper 

50  7 

4 0 

2.0 

7.250 

3.67b 

Pood  Wastes 

19.1 

10.0 

19 

6.550 

1.242 

Metal 

100 

100 

100 

- 

Glass 

9 7 

(esfid) 

100 

9.7 

„ 

Wood 

2 9 

(cst'd) 

.1 

0 1 

8.000 

232 

Textiles 

2 6 

2 

0 1 

7.200 

187 

Leather.  Rubber 

1.9 

21 

0.4 

8.460 

161 

Misc 

1.7 

10 

0 2 

4.300 

60 

Plastics 

1 4 

(est’d ) 
0 

0 

1.700 

182 

Total 

1000 

24  4 

5.740 

•Data  for  each  constituent  based  on  W'  R 

Niessen  and  S H 

Chansky  "The  Nature  of  Refuse,"  Proceedings  of  the  1970 
Incinerator  Conference  (American  Society  ol  Mechanical 
Engineers.  1970).  pp  1-24.  and  Incinerator  Standards  (Inciner- 
ator Institute  of  America.  1988) 


Current  Solid  Waste  Management  Practice 

Solid  waste  management  at  Fort  Dix  is  a standing  oper- 
ation under  the  purview  of  the  Facilities  Fngineer  Solid 
waste  is  collected  and  transported  to  the  landfill  by  several 
means.  Refuse  collection  from  family  housing,  canton- 
ment areas,  administrative/ support  areas,  and  the  ranges 
is  by  a contract  hauler.  Construction  demolition  waste  is 
transported  by  construction  contractor  personnel  in  some 
cases  and  by  civilian  employees  in  others  A “self-help“ 


program  encourages  military  personnel  in  family  housing 
areas  to  take  their  own  bulky  wastes,  such  as  sofas  and 
chairs,  to  the  landfill.  Household  appliances  from  family 
housing  areas  are  not  landfilled.  Food  wastes  from  dining 
halls,  clubs,  restaurants,  and  the  post  commisarv  are 
generated  in  homogeneous  streams  and  are  hauled  off-post 
for  disposal  by  private  contractor. 

A crane  and  two  bulldozers  are  used  in  the  landfill 
operation.  The  dozers  work  opposite  ends  of  the  landfill, 
with  the  refuse  contractor  hauling  to  one  end.  and  all  other 
refuse  being  delivered  to  the  other. 

The  annual  cost  of  the  present  Fort  Dix  contractor 
refuse  collection  and  landfill  operation  is  $416,000  (Table 
4).  It  should  be  noted  that  McGuire  AFB  pays  a fair  share 
of  the  annual  operating  cost  of  the  landfill  under  an 
Interservice  Support  Agreement 

The  Fort  Dix  Directorate  of  Facilities  Engineering  re- 
cognizes that  the  present  landfill  has  a remaining  life  of 
approximately  3 years  A separate  study  is  underway 
to  locate  a site  for  a new  landfill  within  the  Fort  Dix 
boundaries. 


Steam  Production  Capabilities  at  Fort  Oix 

There  are  two  central  steam  plants  at  Fort  Dix.  Boiler 
Plant  5426  produced  421.6  million  lb  of  steam  in  the  12- 
month  data  period  (December  1974  through  November 
1975),  and  Boiler  Plant  5881  produced  392.2  million  Ih 
during  the  same  period  The  boiler  plants  produce  100-psig 
saturated  steam.  Figure  2 displays  the  steam  production 
data  for  the  two  plants  and  the  future  load  of  laundry 
Boiler  Plant  5324.  providing  that  the  family  housing  units 
arc  connected  to  the  plant,  as  proposed  The  steam 
potentially  available  from  firing  processed  solid  waste  is 
also  plotted 

Appendix  A presents  steam  rates  on  a monthly  basis  and 
a discussion  leading  to  the  recommendation  that  Boiler 
Plant  5426  be  used  as  the  location  for  the  conversion  of 
refuse  to  energy 

Three  ot  the  four  boilers  in  Boiler  Plant  5426  fired  coal 
prior  to  conversion  to  oil,  the  present  fuel.  The  coal-  and 
ash-handling  capabilities  of  the  plant  were  examined  for 
possible  reconversion  to  coal  with  co-firing  of  processed 
solid  waste.  Because  reconversion  would  require  major 
retrofitting  of  the  boilers  as  well  as  the  coal-  and  ash- 
handling equipment,  and  installation  of  air  pollution 
control  and  waste-fuel-handling  equipment,  this  concept 
was  not  considered  further. 
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POUNDS  STEAM/ MONTH  x 10 


AVERAGE  POUNDS  STEAM/HOUR  x 10 


Table  4 


Present  Value  (PVI 

Operation  and  Maintenance  (O&M)  Cost 


for  Prevent  Practice  (Alternative  A) 

1 

1 andlill  Operation 

a One  crane  operator  ($6.21  hr)* 

s 

12.916 

b Two  equipment  operators  ($6.05  hr) 

25.168 

c MTO  crane  2T04  hr  X $4  86  hr 

11.197 

d O 7 tractor  1840  hr  X $4  86  hr 

18,662 

Subtotal 

$ 

67,94.1 

2. 

Fori  Dix  Contract  Refuse  Collections 

$ 

148  188) 

1 

Total 

$ 

415.441 

_*J  07 

4 

Fscalatcd  to  June  1977 

s 

445.054 

XJ  24 

5 Fscalatcd  to  June  1981 

25-vr  PV  Multiplier 

6 25-vr  PV 

7 Rounded  for  Fconomic  Analysis 


$ 574.100 
■ v 5:4 
15.467.700 

$5,470  0(H) 


•The  hourly  rates  and  number  of  hours  were  taken  Iront  proposed 
FY76  Interservice  Support  Agreement  between  Fort  Dix  and 
McGuire  AFB  dated  22  October  1975 


Sale  Potential  of  Recyclable  Materials 

Appendix  B presents  the  analysis  of  the  sale  potential  of 
recyclable  materials.  The  approximate  values  of  recyclable 
ferrous  metals  and  aluminum  in  the  Fort  Dix  waste  stream 
were  lound  to  be  $10,200  year  and  $7. TOO  year,  respec- 
tively There  is  no  economic  method  for  separating  this 
amount  of  metal  once  it  is  mixed  into  the  waste  stream 
Materials  recovery  was  therefore  not  incorporated  into 
Alternatives  B and  C (see  Chapter  3). 

The  value  of  incinerator  residue  as  a road  construction 
material  is  not  known 


3 DESCRIPTION  OF  SOLID  WASTE 
MANAGEMENT  ALTERNATIVES 


The  following  sections  present  design  concepts  and  costs 
of  the  waste  management  alternatives  found  to  be  techni- 
cally feasible 

Non«nergy-R«cov*ry  Syciem:  Continuation 
of  Protont  Practice  (Alternative  A) 

Alternative  A involves  continued  use  of  the  present 
practice  of  hauling  solid  waste  from  Fort  Dix  and  McGuire 
AFB  to  the  landfill  at  Fort  Dix  This  system  is  technically 
satisfactory.  It  has  the  advantage  of  requiring  no  imme- 
diate capital  investment,  except  for  the  new  landfill,  when 


it  is  required  Its  disadvantages  are  wastage  of  the  energy 
potential  of  solid  waste  and  high  annual  costs.  The  annual 
cost  associated  with  Alternative  A is  assumed  to  be  equal 
to  the  curieni  annual  cost  of  the  system~$445.000  in  FY77 
dollars.  The  25-year  PV  cost  is  $5.5  million;  this  includes 
all  operation  and  maintenance  (OAM)  costs,  such  as 
the  contract,  labor,  utilities,  repair,  and  maintenance 
Since  the  value  of  land  ts  excluded  from  Army  economic 
analyses*  unless  the  land  in  question  is  to  be  purchased  or 
sold  as  pari  of  the  alternative,  the  costs  associated  with  the 
development  of  a new  landfill  were  excluded  from  the 
analysis  The  costs  ot  developing  the  landfill  would  be  the 
same  for  each  alternative. 

Package  Inclnerator/Boiler  Energy-Recovery 
Systems;  Combined  Fort  Dix  and  McGuire  AFB 
Waste  Streams  (Alternative  B) 

This  alternative  involves  energy  recovery  from  the 
combined  Fort  Dix  and  McGuire  AFB  waste  streams.  An 
incinerator  plant  accommodating  five  package  controlled 
air.  gratcless.  incinerator  boiler  systems  desiged  to  burn 
mixed  solid  waste  would  be  built  adjacent  to  Boiler  Plant 
58X1  (Figure  .1).  The  site  for  the  proposed  resource- 
recovery  facility  was  selected  alter  discussion  with  Fort 
Dix  Facility  Fngineer  personnel. 

The  proposed  incinerator  plant  would  burn  the  solid 
waste  presently  delivered  to  the  Fort  Dix  landfill  by 
contractors  and  other  personnel  in  the  Fort  Dix  and 
McGuire  AFB  solid  waste  operation.  excluding"sclf-help" 
delivery.  The  steam  produced  by  the  boilers  would  be 
piped  to  the  main  header  in  the  adjacent  plant,  thus 
reducing  the  amount  required  to  be  produced  by  the 
existing  oil-fired  boilers 

This  alternative  has  the  advantage  of  saving  money  over 
the  anticipated  25-vcar  life  span  of  the  incinerator  plant, 
conserving  increasingly  costly  fuel  oil.  and  conserving 
landfill  space  due  to  the  volume  reduction  from  the 
combustion  process.  A disadvantage  is  the  need  lorcapital 
investment  Fach  of  the  five  incinerators  would  have  a 
nominal  capacity  of  I ton  of  refuse  hr  I he  plant  would  be 
sired  to  handle  the  anticipated  design  peak  of  74  6**  I I'D. 
and  would  operate  Monday  through  Saturday.  1 7 shills 
week  The  weekend  heat  requirements  and  peak  steam 
demands  not  satisfied  by  incineration  would  be  provided 
bv  firing  one  or  more  of  the  currently  used  oil-fired  boilers 
in  the  boiler  plant 

•Appendix  C*  describes  ihc  method  of  economic  analvsis 

••T  his  design  peak  is  calculated  in  Appendix  A 

' Tenon mi<  Anohin  uni/  Program  Evaluation  fur  Rr.wurcr 
ManaKrmrnt.  AR  11-28  (Deparlmenl  ol  the  Arms.  1475) 
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Table  5 

Annual  OHM  Cost  for  Proposed  Landfill  and  Refuse 
Collection:  Combined  Kort  Dix  and  McGuire  AFB 


Waste  Streams 

1 l andfill  operation 

a One  crane  operator  ($6.21 /hr)  $ 12.916 

h One*  equipment  operator  ($6.05  hr)  12.584 

c MTO  crane  1920  hr  X $4  86/hr  9. .ft I 

d D'7  tractor  1920  hr  X $4.86  hr  $ 9,  ft  I 

Subtotal  $ 44,192 

2 Fort  Dix  contract  refute  collection**  $.748,000 

7 Sum  ol  I + 2 $792,192 

X 1,07 

4 Fscalated  to  June  1977  $419,645 

Rounded  lor  economic  analytic  $419.6(8) 


• The  main  dillerence  between  the  pretent  landfill  operation 
and  Allernativet  B and  C it  the  elimination  ol  one  equipment 
operator  due  to  reduction  in  the  daily  volume  to  be  landfilled  to 
one-third  to  one-hall  of  the  prevent  daily  volume  The  volume 
reduction  occurc  at  the  proposed  incinerator  plant 
••From  Table  4 \tsumes  no  change  in  contract  price 


The  following  paragraphs  describe  the  proposed  process 
flow.  Collection  vehicles  delivering  refuse  would  be 
weighed  on  standard  platform  scales.  After  weighing,  the 
trucks  would  enter  and  dump  the  solid  waste  on  the 
tipping  floor,  where  a front-end  loader  would  push  the 
material  into  the  receiving  hopper  of  the  ram-fed 
incinerator,  if  a shredder  is  installed,  demolition  lumber 
and  wooden  pallets  would  be  shredded  and  then 
incinerated. 

The  cost  effectiveness  of  usings  shredder  depends  on  the 
amount  ol  such  wood  available.  An  analysis,  presented  in 
Appendix  O,  indicated  that  the  breakeven  point  would  be 
approximately  416  tons  year,  an  average  generation  rate 
ol  2 6 rPl).  from  construction  demolition  1 60  days  ' year 

The  number  ol  incinerators  in  use  would  depend  on  the 
amount  of  solid  waste  to  be  incinerated  However,  with 
four  on  line.  20.700  lb  of  steam  hr*  could  be  produced  by 

•Calculated  in  Appendix  A 


Table  8 

Capital  Investment-- Alternative  B 


Item 

Quantity 

Initialled 
l 'nit  CoNt  (91 

Engineering 
Estimate  (9) 

Scales,  truck 

i 

24.000 

24.000 

Incinerator  w boiler* 

5 

204.100 

1.020.500** 

Nonstandard  boiler  controls 

5 

10.700 

51.700** 

Aux  fuel  line.  7 4 in. 

100  ft 

7.00  ft 

900 

f eed  waterline.  insul  1 in 

100  ft 

5.75  ft 

1.700 

Steam  line,  msul  4 in 

700  ft 

17  75  ft 

4.100 

Pi  pm#  connections 

1 ioh 

1. 100 

1. 100 

Startup  and  training 

1 ioh 

49;  ot  1.020.500 

40.8(8) 

Building 

26.000  sq  ft 

24  00  sq  ft 

624.000 

Building,  site  work 

t »ob 

80.000 

80.000 

Fleet rical  substation 

1 ioh 

6,800 

6.800 

Total  empirical  estimate 

1 ocation  adiustment  for  NJ 

$1,855,000 

X 1 OK  7 

1 oaders.  front-end 

2 

Technical  updating  factor 

$15,000 

2.0&J.6O6 

X 1 07 1 
2.141.900 
+ 10.000 

2.171.900 

Fscalation  from  1977  to  1980  X ) 26 

2.779.100 

Rounded  for  economic  analysis  $2,750,000 


• Nominal  capacity.  I ton  relusehr 

**  Data  used  in  Table  7 

* From  Empirical  Cost  Estimate  for  Military  Construction  amt  Cost  Adiusimrnl  Factors.  AR  415-17  (Department 
of  the  Army.  1975) 


18 


Table  7 


25-Year  PV,  OSM  ('out*  and  Credits—  Alternative  B 


Annual  t'oal 

Annual  t'oul 

2.X- vr  PV 

l*V  2.Vvr 

Item 

Quantity 

I’nit  C«M»t  (9) 

(KY77MMOO) 

IKYMIhSIHNII 

Multiplier 

( 'onIm  iIOIHIi 

Front-end  loader  operator 

7,072  man-hr  \r 

7 78  hr 

51.5 

66  4 

9 524 

652  5 

Incinerator  operator 

7.072  man-br  vr 

6 87  hr 

48  6 

62  7 

9 524 

579  9 

1 aborer 

2.0K0  man-hr  vr 

6 87  hr 

14  t 

18  4 

9 524 

170  6 

Ash  A reject  disposal 
Maintenance 

4.537  tons 

6 50  ton 

29.5 

58  0 

9 524 

552.0 

(4<T  of  Table  6) 

Refuse  collection  A landfill 

42  9 

55.5 

9 524 

526.7 

operation  (Table  5) 
Auxiliary  fuel  (accounted 

1 job 

419  6 

541  5 

9.524 

5.155  7 

lor  in  Appendix  A) 

-0- 

Electricity 

186.200  kWh 

0 026  kWh 

4 8 

8 8 

IK  049 

158.2 

Fuel,  front -end  loader 

14. 140  gal 

0 55 

7 8 

14  1 

20  050 

282.2 

Total  costs 

7.857.8 

Fuel  credit  (Appendix  A) 

1 .050,000  gal  yr 

0J6 

378.0 

684  2 

20.050 

15.717.8 

1 abor  credit 

3.536  man-hr  yr 

6.87  hr 

24.3 

51  5 

9.524 

290  1 

l otal  credits 

14.007  9 

Credits  minus  costs  rounded  lor  economic  analysis  $ 6.140  0 


feeding  the  average  amount  of  solid  waste  collected  to  the 
incinerators  On  days  when  less  than  the  average  amount 
ol  waste  is  collected,  only  two  or  three  incinerators  would 
he  used.  I he  filth  incinerator  is  provided  to  handle  peak 
loads  and  as  a backup  when  another  unit  ts  down  lor 
maintenance 

Package  controllcd-air  incinerator  units  with  an  auxil- 
iary burner  to  ignite  the  solid  waste  and  an  extra  burner  to 
provide  control  and  additional  steam  as  demanded  are 
commercially  available.  Package  incinerators  have  been 
designed  and  tested  to  meet  present  New  Jersey  air 
pollution  standards. 

1 ables  5 through  7 provide  details  and  calculations  for 
determining  the  costs  and  economics  of  Alternative  B 
Table  5 gives  the  quantities  and  costs  for  the  proposed 
waste  collection  system.  Table  6 gives  a breakdown  of  the 
capital  required  under  this  concept  Table  7 lists  recurring 
O&M  costs,  including  the  costs  of  utilities,  labor,  mainte- 
nance. and  proposed  refuse  collection. 

Flsld-Ersctsd  Incinerator  Boiler  Energy-Recovery 
System  (Alternative  C) 

This  alternative  considers  energy  recovery  of  the  com- 
bined Fort  Dix  and  McGuire  AF'B  refuse  streams  using  a 
lield-erectcd  plant  consisting  of  one  waterwall  furnace 
equipped  to  fire  ram-fed  refuse  on  a three-flight  double 
reciprocating  grate  stoker  The  plant  would  be  located 
adjacent  to  Boiler  Plant  58X1  and  the  design  points  would 


be  as  calculated  for  Alternative  B in  Appendix  A Ash 
removal  would  be  by  quench  and  drag  conveyor.  A dry 
granular  media  scrubber  or  other  air  pollution  control 
device  would  be  used  lor  air  pollution  control 

Field-erected  units,  w hich  have  a more  extensive  operat- 
ing history  than  package  units,  arc  designed  to 
accommodate  a particular  waste  Several  designs  are 
available  Of  22  energy-recovery  incinerator  plants  built  or 
under  construction  in  the  United  States  between  1956  and 
1965.'  two  had  units  with  a processing  capacity  of  less  than 
100  I PO:  10  had  units  in  the  range  of  100  to  1 50  TPD;  the 
remaining  10  had  capacities  ranging  front  1X0  to  550  TPO 
The  only  Department  of  Defense  rclusc-fited  boiler 
plants  arc  at  Norfolk.  VA.  and  have  been  in  operation  since 
1967  Fach  unit  has  a capacity  of  180  TPD.  If  a shredder  is 
installed,  demolition  lumber  and  wooden  pallets  can  be 
incinerated;  itscost  effectiveness  depends  on  the  amount  ot 
such  wood  available  (Appendix  D). 

Tables  8 and  9 provide  the  detailed  capital  investment 
and  annual  O&M  cost  of  Alternative  C. 

Resource  Recovery  From  Solid  Watte 
From  Nearby  Civilian  Communities 

The  preceding  alternatives  considered  only  the  waste 
generated  at  Fort  Dix  and  McGuire  AFB  as  a potential 
resource  The  next  twoalternativesconsiderthc economics 


'Municipal  In,  in<  ration  - 4 Rrvirw  of  Ulrranir,.  No  A P-79 
(Fnvironmrntal  Protection  Agency.  1971).  Appendix 


Table  8 


Capital  Investment— Alternative  C 


Item 

Quantity 

InHtnlled 

I'nit  ('ohI  lft» 

KngineerinK 
KMimHle  (ft) 

Scales,  truck 

1 

24.000 

24.0(H) 

Fidd-crcctcd  builder 

1 

l.025.(MM) 

1.025.000 

Ash  handling 

1 

KH).(HN) 

loo  000 

Air  pollution  control 

i 

200.000 

?0().tHH) 

Stack  and  biecchmg 

1 

KO.(MM) 

80.0(H) 

Auxiliary  liwl  line.  1 4 in 

MH)  l| 

t (N)  It 

9(H) 

1 ccdw.itci  instil  1 in 

MM)  It 

5 75  It 

1 700 

Steam  line,  uisul  4 hi 

too  It 

H 75  || 

4. 1(H) 

l*ipmg  connections 

1 ioh 

1 . 1(H) 

1 1(H) 

Startup  and  training  (2r!  ol  I'ahle  9) 

1 job 

26.5(H) 

26.5(H) 

Building.  20  It  High 

|6.(HH)  sq  It 

24  si|  It 

784.0(H) 

Building.  .'6  It  high 

2.8(H)  syj  It 

t6  \q  II 

100.8(H) 

Building,  site  work 

1 job 

40.(MH) 

40.000 

Flcctncal  substation 

1 tob 

6.8(H) 

6.8(H) 

total  empirical  estimate 

$1. 944.900 

1 ocation  adiustment  tor  VI 

X | 08* 

technical  updating  factor 

2.154.500 
x 1 ,07* 

1 oaders.  Iront-cnd 

2 

2.505.300 

4 50.000 

Rounded 

F sea  luted  to  FY80 

lor  economic  analysis 

2.335.300* 

X | 26 

2.942.8(8) 

S2.9M).(8M> 

•from  /'nt/urh  al  ('f\l /slinuilt  \ for  Sfilitorx  (fnurihlien  anil  (o\i  I Jin\ini,m  f ,ii  h>r\.  AR  4 1 5- 17  (I  K'partmcnt 
of  Ihc  Arms.  1975) 

Table  9 

25-Year  l*V,  O&M  Costs  and  Credits— Alternative  (’ 


Annual  Ctwl 

Anniml  ('iml 

2.Vyr  l*V 

l»V  2.Vyr 

Item 

Qunntity 

l:nil  l iwl  (** 

(KY77H»nOO) 

(KYMIHfttHHM 

Multiplier 

('nut*  (ft(MH 

Front-end  loader  operator 

7.072  man-hr  yr 

7 28  hr 

51.5 

66.4 

9.524 

632.5 

Incinerator  operator 

7.072  man-hr  yr 

ft.  87  hr 

48.  ft 

62.7 

9.524 

579.9 

1 a borer 

2.080  man-hr  yr 

ft  87  hr 

14.5 

18  4 

9 524 

170  6 

Ash  A reject  disposal 

4.537  tons 

ft. 50  ton 

205 

38.0 

9.524 

352.0 

Maintenance 

Refuse  collection  A landfill 

104  8 

135.1 

9.524 

1.250.6 

operation  (Table  5) 
Auxiliary  fuel  (accounted 

1 ioh 

419  ft 

541.3 

9 524 

5.155  7 

for  in  Appendix  A) 

-0- 

Electricity 

525.000  kWh  yr 

0 02ft  kWh 

15.7 

24  7 

18  049 

45S  9 

Fuel,  front-end  loader 

14. 140  gal  yr 

055  gal 

7 8 

14  1 

20  050 

282  2 

1 otal  costs 

8.869  4 

1 ahor  credit 

3.536  man-hr  yr 

ft  87 

-24.5 

(1  \ 

9 524 

?9<)  0 

Fuel  credit  (Appendix  A) 

l.l 00. 000  gal  \r 

0.5ft 

59ft.  0 

716  8 

20  050 

14. 171  8 

Total  credits  14.661. K 
Credits  minus  costs  rounded  lor  economic  analysis  $ 5.790.0 
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Figure  4.  Steam  loads  and  steam  available  from  waste 
(thousands  of  pounds  steam/hr). 


pollution  contiol  device  uoulil  In-  used  loi  .in  pollution 
COIlllol 


ol  including  the  civilian  community  in  • In.-  I on  Pix  anil 
McGuire  AIB  waste  it  roam  I ho  area  immediately 
surrounding  I on  Pix  is  largely  residential:  Mount  HolK . 

10  miles  west,  is  the  largest  local  city,  with  a population  ol  Field-erected  units,  w hich  have  a more  extensive 

14.000.  A review  of  Figure  2 shows  that  the  energy  (steam)  operating  history  than  package  units,  are  designed  to 

Irom  military  waste  exceeds  the  load  ol  the  I aundrv  Boiler  accommodate  a particular  waste.  Several  designs  are 

Plant  and  nearly  satisfies  the  load  ol  Boiler  Plant  5426  or  available 

Boiler  Plant  5XXI  several  months  of  the  year.  Figure  4 
shows  two  possibilities  of  increasing  the  si/e  ol  the  energy 

market  Alternative  I)  would  connect  Boiler  Plants  5XXI  Alternative  D (Civilian  and  Military  Solid  Waste) 

and  5252  with  a steam  and  condensate  return  line.  Alter  the  load  curve  was  draw  n for  the  combination  ol 

Alternative  P would  provide  approximately  29$  million  lb  Boiler  Plants  5XXI  plus  5252  (Figure  4).  the  capacity  of  the 

ot  steam  year,  a larger  steam  load  than  existed  lor  either  resource-recovery  plant  was  si/ed  for  50.000  lb  ol 

Alternative  B or  ('  Alternative  F would  intereonneet  steam  hr  In  addition  to  the  IX. 600  tons  ol  solid 

Boiler  Plants  5XXI.  5252.  and  5426.  producing  waste  year  from  Fort  Pis  and  McGuire  AFB.  the  plant 

approximately  4X0  million  lb  ol  steam  vear.  Alternatives  P would  be  able  to  handle  55.500  tons  year  ol  civilian  waste 

and  Fare  very  similar  except  loreapaeitv  and  the  lollowing  Ihe  plant  would  produce  approximately  295  million  Ihol 

description  ol  the  process  will  serve  for  both:  thedifference  steam  vear  from,  the  combined  waste  stream  (See 

incapacity  will  be  discussed  in  lafet  paragraphs  Appendix  A lot  calculations.  I I lus  is  equivalent  to  21 

percent  ol  the  total  Fort  Pis  annual  heating  load  lire 
A plant  with  three  boilers,  each  incorporating  field-  capital  investment  is  $9,790.1)00  as  shown  in  I able  10  and 

erected,  waterwall  lurnaces.  would  he  located  adjacent  to  the  25-year  opciation  cost  is  a PV  saving  (credits  minus 

Boiler  Plant  5XX I Fhcrc  would  be  a truck  scale  outside  the  cost)  of  $21,400,000.  as  shown  in  fable  II  front  a 

building  to  monitor  the  amount  ol  solid  waste  processed  resource-recovery  standpoint.  IXX0  tons  vear  ol  ferrous 

I he  process  would  start  as  the  waste  is  dumped  on  the  metal  are  recovered  and  2.500.000  gal  year  of  fuel  oil  are 
tipping  door.  Fach  side  of  the  tipping  floor  w ould  be  si/ed  conserved, 
to  handle  three-fourths  ol  a day’s  supply  ol  refuse  I here 
would  be  two  complete  processing  lines  for  redundancy 

and  operational  reliability.  Alternative  E (Civilian  and  Military  Solid  Waste) 

I he  plant  for  this  alternative  was  si/ed  to  produce  75.000 
the  processing  line  would  consist  ol  a conveyor  pit.  a lb  of  steam  hr  from  the  waste  stream.  In  addition  to  the 

hinged  steel  belt  feed  conveyor,  a shredder,  an  output  IX.600  tons  vear  of  solid  waste  from  Fort  Pix  and 

conveyor  with  rubber  belt,  a magnetic  separator,  and  a McGuire  AFB.  the  plant  would  be  able  to  handle  55.500 

surge  bin  to  even  out  the  flow  of  material.  Fach  processing  tons  year  of  civilian  waste.  The  plant  would  produce 

line  would  be  si/ed  to  handle  the  waste  In  practice,  they  nearly  4X0  million  lb  of  steam  year  from  the  combined 

would  be  alternated  daily,  with  one  line  available  lor  solid  waste  stream.  (See  Appendix  A lor  calculations  I 

maintenance,  or  as  a backup,  should  the  other  line  lail  Ol  I his  is  equivalent  to  55  percent  of  the  total  Fort  Pix  annual 

the  three  boilers,  one  would  be  available  lor  backup  and  heating  load  I he  capital  investment  is  $1 5. 100. (XXI.  as 

rotation,  while  the  other  two  are  on  line  I he  boilers  would  shown  in  fable  1 2.  and  the  25-vear  operation  cost  is  a |»V 

be  field-erected,  waterwall  furnaces,  equipped  to  tire  rant-  sav  ings  (credits  minus  costs)  ol  gist  over  $40. (XX). 000 

led  refuse  on  a three-flight  double  reciprocating  grate  ( I able  15)  From  a resource-recovery  standpoint.  2670 

stoker.  Ash  removal  would  be  by  quench  and  drag  tons  of  ferrous  metal  arc  recovered  and  5,750.000  gal  ol 

conveyor.  A dry  granular  media  scrubber  or  other  air  lucl  oil  arc  conserved  annually. 
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Table  10 


Capital  Investment  Costs— Alternative  D 


Item 

Quantity 

Itnit  ('<iat  ($l 

Cum  i*i 

Scales,  truck 

1 

24.000 

24,000 

Conveyor  pit 

2 

6.000 

12.000 

Steel  belt  conveyor 

2 

30.000 

60.000 

Shredder.  25  tons  hr 

2 

150.000 

300.000 

Dust  control 

1 

12.000 

12.000 

Rubber  belt,  outlet  conveyor 

2 

1 2.000 

24.0(H) 

Magnetic  metal  separator 

2 

42.000 

84. (HH) 

Surge  bin 

2 

14.5(H) 

29. (HH) 

Conveyors  to  stokers 

4 

6.IKH) 

24. (HH) 

Boilers.  25.000  lb  hr 

3 

1.025.000 

3.075.0(H) 

Air  pollution  control 

3 

200.000 

600.  (HH) 

Stack  and  breeching 

1 

100.000 

100.000 

Ash  handling 

1 

125.000 

125.000 

Building.  20-ft  clear  height 

16.000  sq 

ft  24  sq  ft 

384.000 

Building,  36-ft  clear  height 

16.  MX)  sq 

ft  36  sq  ft 

586.800 

Building,  misc  site  work 

1 job 

75.000 

75.000 

Electrical  substation 

1 

12.000 

12.0(H) 

Steam  lines 

insul  in  bldg.  10-in.  dia 

300  ft 

33  ft 

9.900 

in  conduit,  underground.  4-in  dia 

7400  ft 

105  ft 

777.000 

Condensate  return  lines 

insul  in  bldg.  6-in.  dia 

300  ft 

22  ft 

6.600 

in  conduit,  underground.  4-in.  dia 

7.400  ft 

46  It 

340.400 

Steam  manholes 

4 

6.300 

25.200 

Road  and  parking  lot 

700  sq  yc 

1 14  80  sq  yd 

10.4(H) 

Total  empirical  estimate 

6.696. 3iH) 

1 ocation  adjustment.  N.I 

X 108* 

7.2.32.000 

Technical  updating  factor 

X 1 07* 

7.738.200 

Front-end  loaders 

2 

15.000 

30.(HH) 

7.768.200 

Inflation  to  midpoint  of  construction  (June  1980) 

X 1.26 

9.788.000 

Rounded  for  economic  analysis 

S9. 790.000 

•From  empirical  Coil  Estimate*  for  Military  Construction  and  Cost  Adjustment  factors.  AR  4I5-I7(l>eparlmrnt 
of  the  Army.  1975) 
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Table  1 1 

25-Year  PV,  O&.M  Costs  and  Credita— AlU*rnativ4»  I) 


Annual  Cost 

Annual  ComI 

2ft-.vr  »»V 

»»V  2ft- > r 

Item 

<)uantitv 

V'nit  t’oKt 

IFY77X9UOO) 

(KYH1  K$OIH» 

Multiplier 

( lMl«  ($00(1 

Front-end  loader  operator 

7.48M  man-hr  yr 

7 ’X  hr 

54.5 

70.3 

9.524 

669.7 

1 cad  boiler  operator 

7.4KK  man-hr  yr 

7 2X  hr 

54.5 

70.3 

9.524 

669  7 

Boiler  operator 

7.4KK  man-hr  yr 

6 K7  hr 

514 

66.4 

9 524 

632  0 

Shredder  operator 

7.4KK  man-hr  yr 

6 X7  hr 

514 

66  4 

9 524 

632  0 

1 a borer 

2.080  man-hr  yr 

6X7  hr 

14.3 

IK. 4 

9.524 

175  6 

Ash  A reject  disposal 

1 3.035  tons  yr 

4 IX  ion* 

54  5 

70  t 

9 5^4 

669  4 

M aintenance 

(VV  ol  Table  10) 

198  5 

256  1 

9 5>4 

2.4  tH  K 

Maintenance 

<2ri  ol  Table  10) 

22.7 

29  3 

9 524 

27K  6 

Refuse  collection  A landfill 

operation  ( Table  5) 

419  6 

541  3 

9 524 

5.155  7 

Auxiliary  luel  (accounted 

lor  in  Appendix  \) 

-0- 

Fleet  ricitv 

1.044.000  kWh  yr 

0.026  kWh 

27  1 

49  | 

1 K 049 

KK6  K 

Fuel,  front-end  loader 

14.140  gal  yr 

0 55  gal 

7 X 

14  1 

20  050 

2K2  2 

Water 

7. 100.(HH)  gal  vr 

0 0005  gal 

1 6 

4 6 

9 524 

4t  <7 

Total  Costs 

$12.5.14  1 

Fuel  credit  (Appendix  A) 

2. 300. 000  gal  vr 

0 16  gal 

X2X  0 

1499  0 

20  050 

30.049.0 

O&M  credit 

265  6 

342  6 

9.524 

3.263.2 

Ferrous  metal  credit 

( Appendix  B) 

I.KKOtons  yr 

26  70  ton 

501 

64.7 

9 524 

615  9 

rot  a I credits  33.928  I 

C redits  minus  costs  rounded  lor  economic  analysis  521.4(H) 


• I he  figure  ol  54  IK  ton  assumes  that  Burlington  County  would  arrange  to  have  the  ashes  transported  to  the  landfill 
at  no  cost  to  the  Federal  Government 


Table  12 


Capital  Investment  Coats— Alternative  E 


Itrm 

Quantity 

I'nit  ('oat  (SI 

('oat  (SI 

Scales,  truck 

1 

24.000 

24.000 

Conveyor  pit 

2 

6,000 

12,000 

Steel  belt  conveyor 

2 

30,000 

60.000 

Shredder.  25  tons/  hr 

2 

150.000 

300.000 

Dust  control 

1 

12.000 

12.000 

Rubber  belt,  outlet  conveyor 

2 

12.000 

24.000 

Magnetic  metal  separator 

2 

42.000 

84.000 

Surge  bin 

2 

21.000 

42.000 

Conveyors  to  stokers 

4 

6.000 

24.000 

Boilers.  37.500  lb  hr 

3 

1.450.000 

4.350.000 

Air  pollution  control 

3 

.300.000 

900.000 

Stack  and  breeching 

1 

100.000 

100.000 

Ash  handling 

1 

140.000 

140,000 

Bldg.  20-ft  clear  height 

18.600  sq  ft 

24  sq  ft 

446.400 

Bldg.  36-ft  clear  height 

19.000  sq  ft 

36  sq  ft 

684.000 

Bldg,  misc  site  work 

1 job 

80.000 

80.000 

Flcctrical  substation 

1 

12.000 

12.000 

Steam  lines 

insul.  hldg.  12-in.  dia 

300  ft 

35 ' ft 

10.500 

in  conduit,  underground.  12-in  dia 

7400  ft 

135;  ft 

999.000 

in  conduit,  underground.  8-in.  dia 

2600  ft 

84  ft 

218.400 

Condensate  return  lines 

insul.  bldg,  6-in  dia 

300  ft 

22  ft 

6.600 

in  conduit,  underground.  5-in.  dia 

7400  ft 

53  ft 

392.200 

Steam  manholes 

7 

6.300 

41.100 

Road  and  parking  lot 

800  sq  yd 

14.80  sq  yd 

1 1.800 

Total  empirical  estimate 

8.974.000 

l ocation  adjustment.  NJ 

X 108* 

9.691.900 

Technical  updating  factor 

X 1 07* 

10.370.400 

Front-end  loader 

2 

15.000 

.30.000 

10.400.4(8) 

Inflation  to  midpoint  of  construction  (June  1980) 

X 1.26 

13.104.400 

Rounded  for  economic  analysis 

113.100.000 

* From  Empirical  Cost  Estimates  fur  Military  Construction  and  Cost  Adjustment  Factors.  AR  4 1 5- 1 7 (Department 
of  the  Army.  1975) 
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Table  13 

25-Year  PV,  O&M  Costs  and  Credits— Alternative  K 


Annuiil  CimI 

Annual  Coni 

2ft- yr  »*V 

l»V  2ft- yr 

Item 

tJuHntif  v 

1 'nil  i'oMf  <*) 

(KV77k*<MHII 

(VYMlNtMCMIl 

Multiplier 

t 'OMtM  <*OOOl 

Front-end  loader  o pi' rat  or 

7.4KK  man- hi  vr 

7 28 

54  5 

70  3 

9 $24 

699  7 

1 cad  boiler  operator 

7.4KK  man-hi  vr 

7 2K 

'4  A 

70  3 

9 $24 

699  7 

Boiler  operator 

7.4KK  man- hi  w 

6 K7 

M 4 

06  4 

9 $24 

6$2  0 

Shredder  operator 

7.4KK  man-hr  \i 

6 K7 

'1  4 

66  4 

9 $24 

632  0 

1 ahorcr 

2. 0K0  man-hr  vr 

6 K7 

14  1 

IK  4 

9 S24 

1 7$  6 

Ash  fit  reject  disposal 

18.450  ions 

4.  IK* 

77  | 

99  $ 

9 $24 

947  $ 

Maintenance 

(5 rr  of  Fable  12) 

27**  4 

360  4 

4 $24 

3.432  7 

Maintenance 

(2%  ol  Table  12) 

*2  5 

42  0 

9 $24 

399  7 

Refuse  collection  fit  landlill 

operation  ( 1 able  5) 

1 job 

4 l**.6 

$41  3 

9 $24 

$.l$$  7 

Fleet  r icily 

1. $66. 000  kWh 

0 026 

40  7 

73  7 

IK  049 

1.330  1 

Fuel,  front-end  loader 

14.140  gal 

0.550 

7.S 

14  1 

20  050 

2K2.2 

Water 

10.600.000  gal  vr 

0 0005  gal 

5.7 

6 K 

9 $24 

6$  1 

Total  costs 

14.452  0 

Fuel  credit  (Appendix  A) 

3. 7 $0,000  gal  vr 

0.36  gal 

1 *42.  K 

2430.5 

20.050 

48.731  0 

OAM  credit 

402.0 

5 IK  6 

9.524 

4.939  0 

Ferrous  metal  credit 

(Appendix  B) 

2.670  tons  vr 

26.70  ton 

71  6 

92  3 

9 $24 

879. 1 

I ot.il  credits  $4.  $49  I 
Credits  minus  costs  rounded  lor  economic  analysis  $40. 100 


•The  figure  ol  $4  IK  ton  assumes  that  Burlington  Counts  would  arrange  to  ha\c  the  ashes  transported  to  the  landfill 
at  no  cost  to  the  Federal  Government 
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INTERACTION  OF  FORT  DIX  AND 
NEARBY  CIVILIAN  COMMUNITIES 


Table  14 


Alternative  D and  E.  described  and  analyzed  in  the 
previous  section  of  this  report,  considered  the  use  of  civilian 
waste  as  a resource  to  Fort  Dix  This  section  discusses 
administrative  as  well  as  economic  impacts 


If  Fort  Oix  decides  to  recommend  a regional  approach 
(Alternative  D or  E)  for  funding  and  eventual 
construction,  several  areas  of  concern  must  he  worked  out 
with  the  civilian  agency*  that  has  overall  responsibility  for 
solid  waste  disposal  There  must  be  agreement  on  the 
wastes  that  are  acceptable  to  Fort  Dix  (Tahir  14  is  a 
suggested  list  of  materials  to  be  excluded  from  the  wastes 
delivered  to  Fort  Dix.)  There  should  be  agreement  on 
times  per  day  and  days  per  week  that  waste  would  be 
accepted  at  the  resource-recovery  facility,  and  on  the 
quantities  of  civilian  waste  acceptable  For  instance,  it 
Alternative  E is  selected,  then  7 months  ol  the  year.  6 
days  week,  approximately  190  TPD  of  civilian  waste 
should  be  delivered  During  the  5 months  of  lower  stream 
demand.  6 days  ' week.  160  TPD  should  be  delivered 
There  should  be  agreement  on  methods  and  amounts  of 
economic  participation  in  the  investment  and  or  operating 
cost  by  the  civilian  communities  in  the  resource-recovery 
facility  Note  that  Tables  II  and  1 .1  used  the  assumption 
that  the  ash  from  the  facility  would  be  transported  to  the 
disposal  site  by  the  civilians  as  a means  of  sharing  the 
operating  cost. 

Note;  any  agreement  between  Fort  Dix  and  the  civilian 
community  may  have  to  conform  to  AR  410-1 2.'*  which 
governs  the  sale  and  delivery  of  government  services. 


Material*  Not  Acceptable 
to  the  Resource-Recovery  Facility* 

1 Hazardous  waste 

2 Infectious  waste 

.1.  Hulk  liquids  and  scmiliquids 

4 Sludge  containing  tree  moisture 

5 Flammable  or  volatile  substances 
b Raw  animal  manure 

7 Septic  tank  pumpmgs 
X Raw  sewage  sludge 
4 Industrial  process  waste 

10  White  goods,  such  as  stoves,  relrigerators.  hoi 
water  heaters,  and  similar  appliances 
It  Automobile  or  truck  parts:  engines,  transmis- 
sions. drive  train,  axles,  luel  tanks,  and  sus- 
pension parts 

17  Machine  parts,  such  as  shafts,  hearings  and 
gears 

l.t  Metal,  such  as  steel  plate  or  bar  stock 

14  fables,  such  as  steel  cable,  wire  rope,  electric 
wire  longer  than  4 ft  or  in  coils  or  hales 

15  Construction  demolition  materials,  suchascon- 
Crete  foundations,  concrete  blink,  brick,  demo- 
lition and  building  dehrts 

lb  Miscellaneous:  fire  hose,  large  pieces  of  carpet, 
rags,  cloth,  tree  limbs  in  excess  of  4 ft  long  or  4 
in  in  diameter,  mattresses  and  hedsprings 


* Note  Items  I through  4 as  defined  in  the  8 December 
1475  land  Pisposat  of  Solid  haste  Operational  Plan 
(Fort  Dix.  N.l) 


Table  15  shows  the  inflation  rates  used  incomputingthc 
inflated  costs  (and  savings)  for  the  alternatives.  Table  16 
shows  these  costs  in  the  format  of  Figure  2-5.  AR  1 1-28. ‘ 
Table  17  is  a summary  of  all  alternatives. 


5 ECONOMIC  ANALYSIS 


8 


■ 


DOD  has  prepared  and  disseminated  short-term 
absolute  escalation  rates  and  long-term  differential  rates 
for  fuels;  this  report  incorporated  only  computations  using 
inflation  rates  ' 


•Within  Burlington  County  the  responsible  civilian  agency  is 
the  Office  of  Solid  Waste  Management  Programs 

'VtiUties  Contract.  AR  420-41  (Department  of  the  Army.  147b). 
'Revised  Energy  Conservation  Investment  Program  fECIP ). 
Directorate  of  Facilities  Engineering  (OCE).  Utilities  Rranch. 
April  1977). 


6 CONCLUSIONS  AND 
RECOMMENDATIONS 


Conclusion! 

The  following  conclusions  are  based  on  the  analysis  of 
alternative  solid  waste  management  systems  for  Fort  Dix. 

I.  Energy-recovery  incineration  of  wastes  generated  at 
Fort  Dix  and  McGuire  AFB  is  technically  and 
economically  feasible  (Alternatives  B and  C). 


* Economic  Analysis  and  Program  Evaluation  lor  Resource 
Management.  AR  11-28  (Department  of  the  Army.  1 975  ) 
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Tabl«*  15 

Itasis  of  Keonomic  Analyses 


Date  of  Cost  Kstimnte:  .June  1977 
First  Year  of  I’roject  Operation:  KY81 
length  of  Kronomie  l.ift*:  25  years 
Midpoint  of  Construction:  dune  1980 

Unit  Costs  and  Ksealation  Kates  for  Keeurring  (Annual)  Cost  Klements 


KcrurrinK  i 'on! 

t ‘twl 

Short-term  Absolute  Ksmliition  IIiiIps 

rWyrl 

Kquivnlent 

Short-term 

Long-term 

2.Vvr  V 

Klcmcnl 

<*/iinif  > 

KY7M 

KV7W 

KYHti 

KVMl 

Multiplier 

fii/vrt 

Multipliei 

1 a hoi 

7 0 

6 6 

6 s 

6 5 

1 .'0 

0 

4 V'4 

Construction 

K 0 

K 0 

8 0 

~ 

1 26 

0 

4 S?4 

Material 

7 0 

6 6 

6 5 

6.5 

1.29 

0 

9 524 

Maintenance 

(5r,*  oi  Capital) 

70 

66 

6 5 

6.5 

1 29 

0 

9 *24 

Fuel  oil 

0.36  gal 

16  0 

16  0 

16.0 

16.0 

181 

8 0 

20  050 

Fleet  ricitv 

0 026  kWh 

16  0 

16  0 

16  0 

16  0 

1 81 

7.0 

18  044 

Water 

0 Ml  kgal 

VO 

5 0 

5 0 

5 0 

1.22 

0 

4 524 

Ferrous  metals* 

26  70  ton 

5 0 

5 0 

SO 

5 0 

1 22 

0 

4 S?4 

Vehicle  luel 

0 ss  ^.,1 

16  0 

16  0 

16  0 

16  0 

1 81 

8 0 

20  050 

• Materials  reclaimed  Irom  waste  stream;  unit  value  is  net  ligure  and  exeltidcv  costs  nl  marketing 
••  l)FR  is  dillcrcnlial  escalation  speeilied  bv  1)01)  poliev 
t PV  multiplier  Irom  Naval  Facilities  Fngineering  Command  (NAVFAC)  Document  l’-44? 


Table  16 

Summary  of  ('oats  Considering  Inflation 
(AH  Costa  in  Thousands  of  Dollars) 

Alternative  R Alternative  ('  Alternative  I)  Alternative  K 


1 Total  PV  of  new  investment  (t.e  . funding 
requirements)  from  Tables  6.  8.  10.  and  12 

2.750 

2.950 

9.790 

13.100 

2 Plus  value  ol  existing  avvets  lo  he  em- 
ployed on  the  proiecl 

-0- 

-0- 

-0- 

-0- 

1 1 ess  value  ol  existing  assets  replaced 

-0- 

-0- 

-0- 

-0- 

4 l ess  discounted  terminal  value  ot  new 
investment* 

90 

97 

322 

431 

5.  Total  new  PV  ol  investment 

2.660 

2.853 

9.468 

12.669 

6 PV  ol  cost  savings  from  operations,  from 

Tables  7.  9.  II.  and  1.1 

6.140 

5.790 

21.400 

40.100 

7.  PV  cost  ol  least  investment  alternative 
(Table  4) 

5.470 

5.470 

5.470 

5.470 

8 Different lal  savings  for  test  alternatives 
(line  6 plus  7) 

11.610 

11.260 

26.870 

45.570 

9 Plus  PV  of  the  cost  of  refurbishment  or 
modifications  eliminated 

-0- 

-0- 

-0- 

-0- 

10.  Total  PV  of  savings 

11.610 

11.260 

26,870 

45.570 

II  SIR  (line  10  divided  by  line  5) 

4 36 

3.95 

2.84 

3.60 

12.  Years  to  payback 

4.7 

5.3 

6.5 

5.0 

* The  terminal  value  is  assumed  to  be  10  percent  of  the  first  cost  (line  1)  inflated  at  5 yr  (a  multiplier  of  3.39)  times 
the  25-yr  discount  factor  of  0.097  For  example,  for  Alternative  B.  line  4 = 2.750  X 0.1  X 3.39  X 0.097  = 90. 

A 


Table  17 


Alternative 


Summary  of  Characteristics  of  Solid  Waste  Disposal  Alternatives 

Pmfnl  cif  Knerjrv 

Fort  Din  Haiti  (Million  Gnl 

llotirriptiiin  of  KY7H  Cm  pit  H I Fuel  Oil  Vnnrn  in 

Alternntivti  Syntemx*  Ht-MtinK  ImihcI  lnvt>Nlmt>nl  (SI  ( i > n r vi-d  'v r ! Pavhm-k  iSIHl 


A Present  practice:  sanitary  landfill. 

IX. 600  tons  of  solid  waste  vr  at 
fort  |)ix  NA 

H Military  resource-recovery  laciUly 

(RRF):  live  package  incinerators  to 
recover  energy  from  IK. 600  tons  of 
military  solid  waste  (MSW)  yr;  oper- 
ating capacity  of  2 1. IKK)  lb  of  steam  hr  1 7 

('  Military  RRF  one  field-erected  boiler 

to  recover  energy  from  IK. 600  tons  ol 
MSW  yr:  operating  capacity  of  21.000 
lb  of  steam  hr  10 

D Regional  RRF:  three  field-erected 

boilers  to  recover  energy  from  52.  UK) 
tons  yr  of  military  and  civilian  solid 
waste,  operating  capacity  of  50.000  lb 
of  steam  hr  21 

F Regional  RRF  as  above  except 

capacitv  ol  7.1.9(H)  tons  yr  ol  solid 
waste  and  an  operating  capacity  ol 
75.000  lb  of  steam  hr  25 


0 

NA 

N'A 

2.750.000 

57.1 

4 7 yr 

1 1 05) 

(4  16) 

2.950.000 

559 

5.1  yr 

(1  10) 

(195) 

15  2 

6.5  vr 

9.790.000 

(2.20) 

(2X4) 

42  7 

5.0  yr 

13.100.000 

(1.71) 

(2.60) 

• Fach  energy -recovery  alternative  (B  through  E)  operates  24  hr  day.  6 days  wk 


Metals  recovery  and  energy  recovery  from  incineration  1 The  second  most  cost-effcctivc  solid  waste 

of  civilian  wastes  Irom  nearby  communities  and  wastes  management  alternative  is  Alternative  C.  which  involves 

generated  at  Fort  Dix  and  McGuire  AFB  are  technically  energy  recovery  from  the  combined  waste  of  Fort  Dix  and 

and  economically  feasible  (Alternatives  D and  E).  McGuire  AFB  at  Boiler  Plant  5KXI  using  a newly 

constructed  incinerator  plant  consisting  of  one  ficld- 
2.  The  most  cost-effective,  technically  feasible  solid  erected,  waterwall  incinerator  The  capital  investment  is 

waste  management  alternative  is  Alternative  B.  with  a 9.7  $2  95  million,  the  PV  savings  is  $5  79  million,  the  SIR  ratio 

percent  saving  in  annual  energy  consumption  Alternative  is  .195  I 00.  and  the  number  of  years  to  pay  back  the 

B involves  energy  recovery  from  the  combined  solid  waste  investment  ts  5 V The  energy-to-cost  rafto  is  55.9 

streams  of  Fort  Dix  and  McGuire  AFB  at  Boiler  Plant 

58X1.  using  a newly  constructed  incinerator  plant  4.  Alternative  E is  the  most  favorable  method  from  a 

containing  five  package-type  co n t ro I led-a i r fuel  oil  conservation  standpoint,  with  a 35  percent  saving 

incinerator/ boilers.  Alternative  B recovers  energy  from  in  annual  energy  consumption  It  involves  energy  recovery 

waste  but  not  metals;  once  the  metals  have  entered  the  from  the  combined  solid  waste  streams  from  nearby 

waste  stream,  they  cannot  be  economically  recovered  at  a civilian  communities  and  those  of  Fort  Dix  and  McGuire 

waste  generation  rate  ol  18.600  tons;  year.  Metals  could  he  AFB  T his  alternative  would  he  a newly  constructed 

recycled  by  source  separation,  as  noted  in  Appendix  B.  The  facility  with  three  field-erected  waterwall  boilers.  Ferrous 

potential  fuel  oil  savings  is  1.05  million  gal/vear  The  metals  in  the  amount  of  2670  tons  year  would  he  recycled 

capital  investment  required  is  $2.75  million  (in  FYXO  Alternative  F would  conserve  35  percent  of  Fort  Dix’s  total 

dollars),  the  PV  saving  is  $6. 14  million,  the  SIR  ratio  is  annual  heating  load,  or  3.73  million  gal  of  fuel  oil 

4.36/1.00.  and  the  number  of  years  to  pay  hack  the  Although  it  is  the  third  ranked  alternative  from  a cost- 

investment  is  4.7.  The  energy-to-cost  ratio  is  57.3.  effective  standpoint,  it  has  an  SIR  of  3. 60'  I 00.  Thccapi- 
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tal  investment  required  is  SI 3. 1 million  in  FY80  dollars, 
the  PV  savings  is  $40. 1 million,  and  the  number  of  years  to 
pay  back  is  5.0.  The  energy-to-cost  ratio  is  42.7. 

5.  Continuation  of  landfilling  of  Fort  Dix  and  McGuire 
AFB  wastes  at  Fort  Dix  landfill  (Alternative  A)  is  an 
acceptable  procedure,  but  is  more  costly  than  energy- 
recovery  incineration.  Alternative  A has  an  annual  cost  of 
$445,000  in  FY77  dollars,  while  the  alternatives  described 
above  would  result  in  savings. 

6.  T he  break-even  point  for  a shredder  for  construction 
demolition  lumber  is 416  tons/ year  for  Alternatives  Band 
C.  Shredders  are  required  as  part  of  Alternatives  D and  E. 

7.  Data  from  the  weigh  survey  and  national  average 
waste  characterization  were  sufficient  for  the  economic 
analysis,  but  are  not  adequate  for  engineering  design 
calculations. 

8.  Fort  Dix  should  not  use  incinerator  residue  as  a 
road  construction  material.  As  discussed  in  Appendix  B, 
highway  research  concludes  that  use  of  incinerator  residue 
is  in  the  experimental  stage,  and  not  proven  to  be  an 
acceptable  or  economic  material. 

Recommendations 

1.  A resource-recovery  facility  should  be  constructed 
adjacent  to  Boiler  Plant  588 1 . 

2.  The  resource-recovery  facility  should  either  recover 
energy  from  Fort  Dix  and  McGuire  AFB  waste 
(Alternative  B)  or  recover  energy  and  metals  from  a 
combined  military  and  civilian  waste  stream  (Alternative 
E).  Both  alternatives  are  cost  effective.  Fort  Dix  may  elect 
either  the  least-investment  alternative  (Alternative  B)  or 
the  most  fuel-conservative  energy-recovery  alternative 
(Alternative  E)  and  achieve  payback  in  less  than  5 years.  It 
is  therefore  recommended  Fort  Dix  prioritize  fuel  savings 
vs  project  cost  and  implement  the  energy-recovery  system 
which  best  responds  to  these  priorities. 

3.  Incombustibles  such  as  concrete,  sand,  steel  from 
construction  demolition,  and  oversized  bulky  items,  "self- 
help”  disposals.  and  incinerator  residue  should  continue  to 
be  landfilled  at  Fort  Dix. 

4.  Metal  recycling  should  only  be  incorporated  in 
Alternative  E.  the  energy-recovery  incinerator  plant  which 
uses  both  military  waste  (Fort  Dix  and  McGuire  AFB)  and 
civilian  waste  from  the  surrounding  communities.  Metal 
recycling  would  not  be  cost-effective  in  the  other 
alternatives. 


5.  If  either  Alternative  B or  C is  funded,  investigations 
should  be  undertaken  to  determine  site-specific  design  data 
(i.e..  tons  of  waste  per  day  and  heating  value  of  the  waste) 
and  whether  sufficient  construction  demolition  lumber  will 
be  available  to  make  incorporation  of  a shredder  cost 
effective. 

6.  If  Alternative  E is  selected,  a formal  agreement 
should  be  made  with  the  civilian  solid  waste  management 
representatives  to  assure  delivery  of  appropriate  quantities 
and  quality  of  solid  waste.  Note:  because  this  agreement 
may  have  to  conform  to  AR  420-41,  any  supporting 
information  should  emphasize  that  the  primary  mission  of 
the  resource-recovery  facility  is  to  recover  energy  from 
waste  and  provide  that  energy  to  Fort  Dix;  the  secondary 
mission  of  the  resource-recovery  facility  is  to  reduce  waste 
to  ash.  Emphasis  should  be  placed  on  the  fact  that  civilian 
waste  would  be  a resource  to  Fort  Dix  AR  420-14  should 
be  consulted  when  preparing  the  difficult  technical 
portions  of  sales  contracts,  purchase  contracts,  and 
memoranda  of  understanding  which  would  describe  the 
quality  of  waste  which  is  acceptable. 
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APPENDIX  A 

SELECTION  OF  INCINERATOR  PLANT 
LOCATION  AND  CALCULATION  OF 
FUEL  AND  OPERATION  AND  MAINTE- 
NANCE SAVINGS 

Description  ot  Locations 

Boiler  Plant  5881  is  located  on  New  Jersey  Avenue 
between  a motor  repair  shop  on  the  west  and  a duck  pond 
on  the  east.  A barracks  complex  is  located  across  New 
Jersey  Avenue  to  the  north  and  NCO  family  housing  is 
located  south  of  the  boiler  plant  The  existing  sanitary 
landfill  is  approximately  l.l  miles  away  via  New  Jersey 
Avenue.  Pemberton  Pointville  Road,  and  Browne  Mills 
Road;  disposal  of  ash  and  bulky  noncombustible  waste 
from  this  location  is  therefore  relatively  easy. 

Boiler  Plant  5426  is  located  on  Avenue  C just  off  south 
Scott  Pla/a.  The  NCO  Open  Mess  and  swimming  pool  are  to 
the  west,  an  open  area  is  to  the  north,  the  Service  Club  is  to 
the  east,  and  Hipps  Folly  Pond  istothe south  Boiler  Plant 
5426  is  more  centrally  located  with  respect  to  waste 
collection  than  Boiler  Plant  588 1 . but  the  existing  landfill  is 
3.0  miles  away.  This  location  is  not  acceptable  to  the  Fort 
Dix  Facility  Engineering  personnel  as  a site  fora  resource- 
recovery  facility.  Therefore,  no  further  consideration  was 
given  to  this  location. 

l aundry  Boiler  Plant  5324  is  located  south  of  the  post 
laundry  between  Annex  Road  and  Reception  Avenue  in 
what  is  considered  to  he  the  industrial  area  of  Fort  Dix. 

Sufficient  space  for  an  incinerator  plant  is  available 


adjacent  to  each  of  the  boiler  plants,  but  each  location 
offers  a different  potential  fuel  oil-and  therelore  cost- 
savings. 

Determination  of  Design  Capacity 

To  determine  the  fuel  oil  savings  at  each  location,  the 
design  capacity  of  the  proposed  plant  must  first  be 
established.  TM  5-814-4  requires  that  capacity  be  provided 
for  25  percent  over  the  average  hourly  needs  ' lahle  Al 
shows  the  basic  data  required  to  find  the  design  capacity  of 
a proposed  incinerator  plant  to  operate  24  hrs  day.  6 
days  week. 

Table  Al 

Data  lined  in  Calculating  Design  ('opacity 


Itrm 

Vnlue 

Sourer 

Design  factor 

1.25 

TM  5-814-4 

Avg  weekly  Fort  Dix  refuse 

204  tons  wk 

Table  2 

Avg  daily  Fort  Dix  reluse 

42  7 tons  day 

Table  1 

Avg  daily  Fort  Dix  and 
McGuire  AFB  refuse 

74  9 tons  day 

Table  1 

Days  operation  wk 

6 

-- 

Hours  operation  day 

24 

- 

The  tonnage  per  week  lor  the  combined  Fort  Dix  and 
McGuire  AFB  waste  stream  is  not  given  in  Table  A I It  can 
be  calculated  as  being  proportional  to  the  weekly  Fort  Dix 
refuse: 

Avg  Fort  Dix  McGuire  AFB  weekly  retuse 
Avg  Fort  Dix  McGuire  AFB  daily  reluse 


_ Avg  weekly  Fort  Dix  refuse 
Avg  daily  Fort  Dix  refuse 


Avg  Fort  Dix 'McGuire  AFB  weekly  refuse 


74.9  X 204 
42.7 


= 357.8  tons 


The  design  capacity  can  then  be  calculated  as 
1.25  x 357.8  tons  week 


Design  capacity 


6 days  week 

74.55  tons  day  or  3.11  tons  hr 


Incinerators.  TM  5-814-4  (Department  ol  the  Arms.  1959). 
para  8.  p 3 
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The  energy  available  from  refuse  on  an  annual  basis  is: 


Annual  energy  = 357.8  tons  week  X 

2000  lb/ ton  X 52  weeks/year  X 
5740  Btu  lb 

= 21.35  X 10'°  Btu/year 

However,  for  economic  calculations,  the  average  of 
74  55  1.25  or  59  64  tons  dav  was  used  with  the  heating 
value  of  5740  Btu  lb  ( Table  3) 

Fuel  Savings  Using  Package  Incinerator 

The  amount  of  steam  available  from  a package 
incinerator  burning  refuse  plus  auxiliary  fuel  can  he 
computed  as: 

Steam  available  = 

5740  Btu  lb  X 2000  lb  ton  X 59.64  tons  day  X 0,7  X I.Q6 
24  hr, day  X (1 189.7  - 147.9)  Btu/ lb 

= 20.300  lb  steam  /hr 

where 

0.70  = assumed  efficiency  of  package  incinerator  boiler 
1.06  = factor  to  include  heat  value  of  auxiliary  fuel 
1 189. 7 Btu  / lb  steam  = outlet  conditions  for  100-psig  steam 
147.9  Btu  lb  feed  water  = assumed  inlet  conditions  at 
180°  F. 

Since  the  steam  available  from  package  incinerators  is 
less  than  the  average  steam  production  each  month  (see 


where 

0.75  = assumed  efficiency  of  field-erected  boiler 
1.005  = factor  to  include  heat  value  of  auxiliary  fuel 
1 189.7  Btu/lb  steam  = outlet  conditions 
147.9  Btu/lb  feed  water  = assumed  inlet  conditions 

The  oil  potentially  saved  by  a field-erected  incinerator 
adjacent  to  Boiler  Plant  5881  would  be 

20.640  X 24  hr  day  x 5.66  days/ week  x 50  weeks/year* 
128  5 lb  steam  gal  oil  X I 005 

= 1.100,000  gal  oil  vear 

Alternatives  />  and  F 
See  Tables  A3  and  A4 

Summary 

Table  A5  summarizes  the  fuel  savings  lor  Alternatives  B. 
C.  D.  and  F Also  see  Table  A6 


Assume  2 weeks  scheduled  maintenance  per  year 


Table  A2 
Boiler  Plant  5881, 

Average  Monthly  Steam  Production  and  Efficiency  ' 

Average 


Table  A2).  the  “efficiencies"  calculated  the  volume  ol  the 

Oil  UMd  Total  Steam 

Production 

oil  potentially  saved  by  each  alternative 

Month 

(gal  > lO'l 

ilb  • tn-i 

<lb/hr» 

Dec  74 

389  5 

44  98 

60.500 

Alternative  B 

The  oil  potentially  saved  by  a package  incinerator 

Jan  75 

438.4 

50.37 

67.700 

adjacent  to  Boiler  Plant  5881  would  be 

Fch  75 

367.4 

41  89 

62.400 

Mar  75 

314.0 

43  78 

58.800 

20.300  lb/hrX24  hr  /dayX5.66  days  ' weekX52  weeks  ' year 

Apr  75 

279  3 

37  52 

52.100 

128.5  lb  steam/gal  oil  X 1.06 

Mav  75 

20  3 4 

24  58 

3.3.000 

= 1 .050.000  gal  year 

Jun  75 

135  9 

18  61 

25.900 

Jul  75 

158.6 

22  14 

29.800 

Alternative  C 

Aug  75 

148  9 

20  89 

28.100 

The  steam  available  from  a field-erected  incinerator  can 

Sep  75 

148  4 

20  97 

29.100 

be  calculated  as: 

Oct  75 

1836 

26  21 

35.200 

Steam  available  = 

5740  Btu/lb  X 2000  Ib/ton  X 59.64  ton* /day  X 0.75  X 1 005 

Nov  75 

Totals 

28J.4 

3.050  8 

40.24 

392.10 

55.900 

24  hr  day  X (1189.7  - 147.9)  Btu/lb 

• “Ffficiency" 
392.1  x 10* 

of  Boiler  Plant  5881 

*r 

= 20.640  lb  steam  /hr 

3050.8  X 10’ 

- s 128.5  lb  Meam/fal  oil 
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Table  A3 


Steam  Load  and  Steam  Available  From  Waste,  Alternatives  D and  K 
(Average  Pounds  Steam  in  Thousands/Hr) 


Steam  l.«i*d 


Steam  From  Wante  * 


Month 

Hida  un 
a hast 

Hide  5252. 

5SSI.  4 5426 

Alternative  I) 
(ftO.OOO  Ih/hrl 

Altrrnstivf 

(75.(N«l  Ih/h 

July  75 

.79  0 

72  7 

71.2 

57  8 

Aug 

76  6 

67  6 

29  7 

54  1 

Sep 

78  4 

65  8 

70.7 

52  6 

Oct 

44  0 

78  8 

75.2 

67  0 

Nov 

70  7 

128  5 

50  0 

75  0 

Dec 

94  2 

165  7 

50  0 

75  0 

Jan  76 

II  7.1 

201  6 

50  0 

75.0 

Feb 

104  6 

184  4 

50  0 

75  0 

Mar 

90  9 

167  2 

50  0 

75  0 

Apt 

98  0 

156  7 

50.0 

75.0 

May 

55  8 

99  9 

44  6 

75.0 

Jun 

.78  0 

75.5 

70  4 

60  4 

Total 

1459  6 

501  4 

812  9 

avg  month 

1216 

418 

67.7 

* lb  of  steam  yr:  present  system  = 1216  X in'  x 24  hr  day  X 165  days  vr  = 1066  X in'" 

lb  of  steam  yr:  Alt  D = 41  8 X I01  X 24  hr  day  x 5 66  days  week  x 52  = 295  5 X 10“ 

lb  of  steam'yr:  Alt  E = 67  7 X 10’  X 24  hr  day  x 5 66  days  week  X 52  = 478  7 X 10* 
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Table  A4 

Fuel  and  OAM  Savinas  for  Alternatives  D and  R 


Given  Alternslive  O produces  = 205  5 V 10*  Ih  steam 'vr  (Table  At) 
Allernstive  F produces  = 478  7 X 10*  Ih  steam  yr  (Table  A3) 
Cost  to  produce  = 10*  Ih  sleam  yr  al  Fort  Dix  $840* 

Boiler  Plant  5881  produces  = 128  5 Ih  steam  pal  oil  (Table  A2) 


Alternative  D-Fuel  credit 


293  3 X 10*  lb  steam  \r 
128  5 Ih  steam  pal  oil 


- 2.30  X 10*  pal  oil  vr 


Alternative  D-OAM  credit 

295  5 x in*  Ih  steam  x $840  10*  Ih  steam  x | 07  = $265,600  (FY77) 


Alternative  F— Fuel  credit 

478.7  X IQ*  I h steam  vr 
1 28  5 Ih  steam  pal  oii 


3 7 1 x 10*  pal  oil  yr 


Alternative  F-OAM  credit 

478.7  x 10*  steam  x 5840  10*  Ih  steam  x I 07  = $402,000  (FY77) 


•Fiscal  records  revealed  that  the  cost  to  operate  and  maintain  Boiler  Plants  5252. 
5426.  and  5881  was  $840  per  10*  lb  ol  sleam  produced  in  FY76.  excludinp  fuel  costs 


Table  A5 

Summary  of  Alternatives 


Alternativ 

B 

c 

D 

E 


Oil  Savrd/Yr  in  (ii 

1.050.000 

1. 100.000 

2.300.000 

3.730.000 


.35 


r 


Table  Afi 

Laundry  Boiler  Plant  532  t. 

Projected  Average  Monthly  Steam  Production 

I his  table  provides  the  data  used  to  plot  the  laundry  plant  curve  on  Figure  2.  The  average  monthly 
steam  production  was  projected  from  annual  fuel  consumption  and  daily  steam  production  data  lor 
the  lamily  housing  area  proposed  to  he  supported  by  Boiler  Plant  5324  on  a 24  hr  day . 6 days  wk  basis, 
and  the  laundry  facility  to  be  supported  K hr  day.  5 days  wit. 


( OI.I  MN  A 

rni.i'MN  h 

FOI.CMN  C 

Strum  for 

Strum  for 

Tolnl  strum  Sunt 

Month 

Knmily  Housing 

I.Hunrirv  I'lnnt 

fid  A . fol  » 

( 1M7HI 

<lh  • IO  ) 

tlh  ^ IO*) 

lib  ■ III  ! 

Jan 

10.62 

4 48 

15  10 

Feb 

8 79 

3 10 

1 1 84 

Mar 

9.49 

5 74 

15  23 

Apr 

8.79 

2.98 

II  77 

May 

6 62 

2.63 

9 25 

Jun 

4 79 

2 92 

7 71 

Jul 

5 14 

2 40 

7.54 

Aug 

4.79 

2.27 

7 06 

Sep 

4 09 

2 97 

7.06 

Oct 

5.40 

2 74 

8.14 

Nov 

8.70 

2 61 

11  31 

Dec 

9 84 

3.72 

13  56 

APPENDIX  B: 

POTENTIAL  VALUE  OF  RECYCLABLE 
MATERIALS  AT  FORT  DIX 


Value  of  Recoverable  Ferrou*  Metal  and  Aluminum 

The  annual  amount  of  waste  collected  from  the  waste 
stream  at  Fort  Dix  was  computed  using  the  204tons  week 
generation  rate  from  Table  2: 

204  tons  week  x 52  weeks/ year  = 10.600  tons 'year 

The  value  of  recoverable  ferrous  metal  and  aluminum  in 
the  waste  stream  was  calculated  by  applying  the  following 
assumed  fractions  and  values*  to  the  annual  waste 
generation  rate. 

1.  Fraction  of  ferrous  metal  in  waste  stream:  0.038** 

2.  Fraction  of  aluminum  in  waste  stream:  0.007* 


* Based  on  Defense  Property  Disposal  data  for  part  of  the 
calendar  year  1976 

••Based  on  data  from  Charleston.  SC.  shredder  facility.  The 
facilities  would  have  similar  input  restraints. 

’ Orrulon-Makm  (iuiilr  in  Solid  Baric  Management.  EPA 
Guide  SW-500  (Environmental  Protection  Agency  [EPA]).  Table 
56.  p 96 


5.  Fraction  of  ferrous  metal  recoverable:  0.95 

4.  Fraction  of  aluminum  recoverable  0 6 

5.  Estimated  value  of  ferrous  metals:  $26.70  ton 

6.  Estimated  value  of  aluminum:  $165  ton 

The  value  of  recoverable  ferrous  metal  was  determined  to 
be: 

0.038  X 0.95  X 10.600  tons  year  X $26.70  ton  = $10,220  year 
The  value  of  recoverable  aluminum  was  found  to  be: 
0.007  X 0.6 X 10.600 tons  vcarX$l65  ton  = $7,345  year 

The  amount  of  ferrous  recoverable  in  Alternatives  Hand  E 
waste  stream  arc  calculated  as  lollows. 

Alternative  D: 

0.038  X 0.95  X 52.100  tons  year  = 1,880  tons  year 
Alternative  E: 

0.038  X 0.95  X 73.900  tons  year  = 2.670  tons  year 

Methods  ol  Separating  Aluminum  From  Waste 

There  is  no  known  economical  method  for  separating 
aluminum  from  the  waste  stream  when  it  is  present  in  the 
amounts  estimated  in  the  preceding  paragraphs.  If  this 
relatively  low  level  of  metals  is  to  be  recycled,  the  method 
suggested  is  separation  at  the  source  Containers  with 
highly  visible  signs  should  be  located  at  the  source  of  the 
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metals:  for  example,  containers  for  beer  and  soft  drink 
cans  should  be  placed  at  the  Post  Exchange  Cafeteria.  The 
containers  would  be  emptied  regularly,  and  the  metal  sold 
through  the  Defense  Property  Disposal  Office  (DPDO). 
The  DPDO  should  be  contacted  for  a current  or  updated 
market  analysis  prior  to  any  significant  capital 
expenditure. 

Us*  of  Incinerator  Residue 
as  a Road  Construction  Material  ’ 

Waste  materials  have  been  divided  into  four  classes  on 
the  basis  of  their  potential  for  highway  use.  Class  I 
material,  which  includes  such  wastes  as  blast  furnace  slag, 
reclaimed  paving  material,  fly  ash,  bottom  ash,  boiler  slag, 
and  anthracite  coal  refuse,  has  maximum  potential  for 
such  use.  Incinerator  residue  is  assigned  to  Class  II,  which 
includes  materials  either  requiring  more  extensive 
processing  or  having  less  adequate  properties  than  Class  I 
materials.  Class  III  and  Class  IV  materials  have  less 
potential  value  than  those  in  Class  I or  II. 

Several  cities  have  used  incinerator  residue  in  highway 
construction.  Tampa.  FL,  is  presently  using  incinerator 
residue  for  embankments.  Chicago.  IL,  has  used  inciner- 
ator residue  as  an  experimental  base  course  composition, 
and  Philadelphia.  PA,  has  used  it  as  an  experimental 
bituminous  paving. 

All  uses  for  incinerator  residue  in  highway  construction 
are  currently  experimental.  Fort  Dix  should  not  consider 
using  incinerator  residue  as  a road  construction  material 
until  incinerator  residue  is  reported  as  an  acceptable  and 
economical  material. 

APPENDIX  C 

METHOD  OF  ECONOMIC  ANALYSIS 
AND  BASIS  OF  CAPITAL  COST  ESTI- 
MATE FOR  RECOMMENDED  ENERGY- 
RECOVERY  SYSTEMS 


General 

The  general  method  of  economic  analysis  follows 
guidance  set  forth  in  AR  1 1-28. 10  The  present  value  (PV) 


* (Vatic  Materials  at  a Potential  Replacement  far  Highway  Ag- 
gregates. Report  166  (National  Cooperative  Highway  Research 
Program.  1976). 

"'Economic  Analysis  and  Program  Evaluation  for  Resource 
Management.  AR  11-28  (Department  of  the  Army,  I97J). 


method  is  used  to  calculate  the  investment,  annual,  and 
total  costs  of  a project  over  an  economic  life  of  2$  years  in 
terms  of  current  dollars.  For  annually  recurring  costs,  the 
method  considers  inflation  rates  associated  with  individual 
operation  and  maintenance  (OAM)  cost  elements  and  a 10 
percent  interest  rate. 

In  the  cost  evaluation  of  the  alternatives,  each  candidate 
project  is  considered  alone.  The  costs  associated  with  each 
energy-recovery  system  are  the  costs  associated  with  the 
complete  waste  management  system  of  which  it  is  an 
integral  part.  A system's  economic  considerations  include 
all  activities  from  waste  generation  to  disposal  of  ash  and 
residue  and  the  use  of  generated  steam.  Capital,  annual, 
and  total  PV  costs  of  an  energy-recovery  system  may  be 
greater  or  less  than  those  costs  associated  with  the  current 
waste  management  system. 

An  energy-recovery  system  will  often  reduce  or 
eliminate  OAM  or  capital  costs  incurred  under  the  current 
system.  Increased  capital  expenditures  normally  required 
in  energy-recovery  systems  are  treated  as  debits,  or  costs. 
In  the  economic  analysis  of  energy-recovery  systems, 
relatively  suhstantial  credits  occur  for  avoided  costs.  For 
example,  when  steam  is  derived  from  combustion  of  wastes 
in  an  energy-recovery  system,  a comparable  quantity  of 
fuel  oil  (or,  in  general  terms,  clean  fuel)  docs  not  havetobe 
used  The  avoided  PV  cost  of  displaced  fuel  oil  hence 
appears  as  a credit  in  the  economic  analysis  of  the  system. 

When  costs  for  all  candidate  systems  have  been 
established,  a summary  economic  comparison  is  made 
according  to  procedures  set  forth  in  AR  1 1-28.  Candidate 
waste  management  alternatives  are  compared  to  the  least 
investment  cost  alternative,  and  their  respective 
savings/investment  ratios  (SIRs)  determined.  The 
recommended  waste  management  alternative  is  usually 
chosen  by  economic  judgment,  based  on  the  SIR,  and 
magnitude  of  required  investment.  Frequently,  however, 
an  alternative  waste  management  system  with  relatively 
unattractive  economic  aspects  may  be  recommended  for 
reasons  other  than  economic  (i.e.,  legal,  environmental, 
political,  anticipated  mission  changes,  etc.). 

Information  Source* 

Current  procurement,  installation,  and  construction 
costs  are  obtained  from  manufacturers  and  vendors 
whenever  possible  during  contacts  to  obtain  performance 
characteristics  and  equipment  specifications  for  capital 
required  in  an  energy-recovery  system.  Sources  of 
investment  cost  information  include  Mean's  Pudding 
Construction  Cost  Pata.  Richardson's  Process  Plant 
Construction  Estimating  and  Engineering  Standards,  and 
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AR  415-17."  Investmen!  costs  tabulated  for  each 
candidate  waste  management  alternative  are  installed 
costs.  To  develop  a budget  estimate  for  an  alternative's 
total  capital  requirements,  the  sum  ol  the  installed  capital 
cost  is  increased  both  by  a location  factor  to  account  for 
regional  economic  differences,  and  by  a technological 
updating  factor.  Each  item  of  cost  includes  the  contractor’s 
profit  and  contingency. 

Manufacturers  and  vendors  normally  provide  O&M 
requirements.  In  cases  when  O&M  information  is  not 
available  from  hardware  sources,  the  engineering 
relcrcnces  cited  above  are  used  Utilities  costs  are  provided 
by  the  facility  Engineer  at  the  site  for  which  the  study  is 
being  executed.  When  possible,  local  labor  costs  are  used. 
When  local  labor  costs  arc  not  readily  available,  labor 
costs  tabulated  in  1 able  Cl  are  used.  To  determine  the  true 
cost  of  a worker  to  the  employer,  the  costs  used  include 
1.296  times  the  employee's  annuali/cd  hourly  wage  (to 
account  for  overhead,  benefits,  etc.) 

\ 

APPENDIX  D: 

ECONOMIC  MERITS  OF  A SHREDDER 


The  following  discussion  applies  only  to  Alternatives  B 


" Buildir  g Confirm  lion  Cost  Dm  a (Robert  S.  Means 

Co  .Inc  . 1976);  Process  Plan I Construction  Estimating  anil 
Engineering  Simulants  (Richardson  Engineering  Services.  Inc  . 
1973);  Empirical  Cost  Estimates  for  Military  Construction  anil 
Cost  Adjustment  Factors.  AR  415-7  (Department  of  the  Armv. 
1975) 


and  C.  During  the  limited  survey.  2.6  tons  day  of  lumber 
from  construction  demolition  was  landt  i lied.  1 he  lumber  is 
segregated  at  the  source  and  could  eas'iy  be  diverted  to  an 
incinerator  plant.  However,  the  lumber  would  have  to  be 
shredded  to  be  effectively  incinerated. 

The  shredder  considered  lor  use  at  Fort  Dix  is  a low- 
capacity  (nominal  4 tons  hr),  low  speed  (12  rpm).  and 
low  horsepower  (40  hp)  model.  It  is  intended  for  use  on 
pallets,  crates,  and  construction  demolition  only  It 
should  not  be  confused  with  the  40  tons 'hr.  1000  rpm.  500 
hp  shredders  often  used  to  shred  refuse. 

I he  following  economic  analysis  was  made  to  determine 
whether  a shredder  would  be  cost  effective.  The  analysis 
was  performed  for  two  situations  2 6 tons  day  lumber 
tor  100  days  year,  and  2.6  tons  day  lor  200  days  year  A 
constant  dollar  analysis  was  made  first.  The  capital 
investment  for  a shredder  is  $70,000.  the  maintenance 
$3,500  year  and  the  cost  ol  required  electricity  $155  year, 
fhe  fuel  value  of  the  shredded  wood  for  the  situation  in 
which  lumber  is  available  100  days  year  was  calculated  as 

100  davs/year  X 2.6  tons  day  X 4780  Btu  lb  x 
20001b  ton  X 0.7 


1 100  Btu  lb  steam  X 122  lb  steam  gal  oil 
= 12.900  gal /year. 

At  $0.76  gal.  the  value  of  this  fuel  savings  would  be 
$4644  year  Based  on  this  amount,  the  PV  was  calculated 
to  he. 

$4644  - (7500  + 155)  989  X 8.933  - $8835 


Table  Cl 

Labor  Costs  Used  When  Local  Costs  Are  Unavailable 


Hourly 

Annunl 

('out  to 

•loh 

Wupcr  (til 

Wage  (ft) 

K.mplnvrr  itl 

FMant  manager 

7.30 

15.179 

19.672 

Shift  supervisor 

6.70 

13.934 

18.059 

Wcighmaster 

4 04 

8.409 

10.898 

Crane  operator 

4 95 

10.287 

13.332 

Shredder  operator 

4 64 

9.654 

12.511 

Maintenance  personnel 

4 95 

10.287 

1 3.332 

Helper  laborer 

.7.44 

7.164 

9.284 

Ash  handler 

3.75 

7.797 

10.105 

Front-end  loader  operator 

5.25 

10.920 

14.153 

Boiler  operator 

4 95 

10.287 

13.332 

Asst  boiler  operator 

4 64 

9.654 

12.511 

Stoker  operator 

4.64 

9.654 

12.511 

Service  personnel 

4.40 

9.151 

11.860 

Truck  driver 

5.29 

11.003 

14.261 

Dorcr  operator 

4 96 

10.137 

13.371 

1 andfill  operator 

4 64 

9.654 

12.511 
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Thus,  under  these  circumstances,  the  shredder  would 
have  a PV  cost  of  $61,165  ($70,000  - $8835). 

If  the  lumber  is  available  200  days  year,  the  PV  would 
be  twice  as  much,  or  $17,669.  Based  on  constant  dollars, 
the  shredder  would  have  a PV  cost  of  $52,301  ($70,000  - 
$17,699). 

Tables  Dl,  D2.  and  D3  were  developed  using  the 
inflation  rates  discussed  in  Chapter  4.  The  calculations  in 


TableDI  indicate  that  using  a shrcddei  for  2 6tons  day  ol 
wood  for  100  days  year  is  not  cost  eflective.  but  incurs  a 
loss  of  $39,000  over  the  20-year  life  of  the  shredder.  Table 
D2  indicates  that  using  a shredder  for  2.6  tons  day  of 
wood  for  200  days'year  is  cost  effective,  resulting  in  a 
small  savings  of  $28,000  over  the  20-vear  life  of  the 
shredder  The  break-even  point  (shown  in  Table  D3) 
would  be  approximately  2.6  tons  day  for  160  days/ycar 
or  416  tons  year. 


Table  Dl 

PV  of  Proponed  Shredder  With  I, umber 
From  Construction  Demolition  Available  100  Days/Year 


COLUMN  A 

COLUMN H 

COLUMN c 

COLUMN n 

COLUMN  F. 

Annual 

PV  Annual 

Coat. 

Cout. 

Fuel 

Col  A - 

Discount 

Col  C ■ 

Project 

(>*M 

Credit 

Col  B 

F net  nr 

Col  D 

Year  (CY76) 

1*1 

III 

(•» 

iai 

iai 

1 

3.655 

4.644 

9K9 

0.954 

- 944 

2 

3.838 

5.108 

- 1.270 

0.867 

- 1. 101 

3 

4.030 

5.619 

- 1.589 

0 788 

- 1.252 

4 

4.231 

6.181 

- 1.950 

0.717 

- 1.398 

5 

4.443 

6.799 

- 2.356 

0652 

- 1.536 

6 

4.665 

7.479 

- 2.814 

0.592 

- 1.666 

7 

4.898 

8.003 

- 3.105 

0.538 

- 1.670 

8 

5. 1 4 A 

8.563 

- 3.420 

0 489 

- 1.672 

9 

5.400 

9.162 

- 3.762 

0 445 

- 1.674 

10 

5.670 

9.803 

- 4.133 

0 405 

- 1.674 

II 

5.954 

10.489 

- 4.535 

0.368 

- 1.669 

12 

6.251 

11.22.7 

- 4.972 

0.334 

- 1.661 

13 

6.564 

12.009 

- 5.445 

0 304 

- 1.682 

14 

6.892 

12.850 

- 5.958 

0.276 

- 1,644 

15 

7.237 

13.750 

- 6.513 

0 251 

- 1.635 

16 

7.598 

14.713 

- 7.1 15 

0.228 

- 1.622 

17 

7.978 

15.743 

- 7.765 

0.208 

- 1.615 

18 

8.377 

16.843 

- 8.468 

0.189 

- 1.600 

19 

8.796 

18.022 

- 9.226 

0.172 

- 1.587 

20 

9.236 

19.284 

-10.048 

0 156 

- 1.507 

Sum  of  PV  annual  cost  -$30,869 


PV  savings  = Sum  ot  PV  annual  savings  - capital  investment 
= 30.869  - 70.000  = -$39,131 


Table  D2 


PV  of  Proponed  Shredder  With  Lumber 
From  ('onntruction  Demolition  Available  200  Davn/Year 


COMTMN  A 

C'OI.CMN  H 

rot.t'MN  (' 

COl.t'MN  l> 

COLl'MN  K 

Annual 

l*V  Annunl 

lial. 

(’oat. 

Fuel 

Col  A - 

Oin.-nunl 

Col  C • 

FroJ«»ct 

04  M 

Crfdil 

Col  H 

Kart  nr 

Col  1) 

pur  <C*Y7H| 

(•I 

101 

1*1 

1*1 

(01 

1 

7.A55 

9.2KK 

5.A77 

0 954 

-5.374 

2 

3.8  tK 

10.217 

A.  379 

0 8A7 

5.530 

7 

4.030 

11.279 

7.209 

0.788 

-5.680 

4 

4.231 

1 2.3A  .7 

8.132 

0 717 

5.831 

5 

4.443 

13.599 

9.I5A 

0 A52 

-5.970 

A 

4.AA5 

14.959 

-10.294 

0 592 

-6.094 

7 

4.898 

IA.00A 

-11.108 

0.538 

5.976 

8 

5.143 

I7.I2A 

-11.987 

0 489 

-5.860 

9 

5.400 

18.325 

1 2.925 

0.445 

-5.752 

10 

5.A70 

19.  MW 

-13.978 

0 405 

-5.645 

II 

5.954 

20.981 

15.027 

0 3A8 

-5.530 

12 

A.  251 

22.450 

-IA.I99 

0 .7  74 

-5.410 

13 

A.5A4 

24.022 

-17.458 

0 304 

-5.307 

14 

A.  892 

25.704 

-18.812 

0 27A 

-5.192 

15 

7.237 

27.503 

20.2AA 

0.251 

-5.087 

IA 

7.598 

29.429 

—21.831 

0 228 

-4.977 

17 

7.978 

31.489 

- 23.5 1 1 

0 208 

-4.890 

18 

8.377 

33.A93 

25.3  IA 

0.189 

-4.785 

19 

8.79A 

3A.052 

“27.25A 

0.172 

-4.688 

20 

9.23A 

38.57A 

-29.340 

0 ISA 

-4.577 

Sum  ol  PV  annual  com  -$98,401 


PV  savings  = Sum  o(  PV  annual  cavinj!".  capital  investment 
= 9(1.401  - 70.000  = $28,401 


Table  D3 

PV  of  Proposed  Shredder  With  Lumber 
From  Construction  Demolition  Available  160  Days/Year 


COLUMN  A 

COLl'MN  H 

COI.I'MN  C 

COI.I'MN  n 

COLUMN  K 

Annual 

PV  Annual 

Coat. 

('oat. 

Purl 

Col  A - 

lliurount 

Col  C * 

Project 

04  M 

Credit 

Col  H 

Pnetnr 

Col  D 

Year  1CY76) 

<•) 

tit 

If) 

(•1 

(HI 

1 

3.655 

7.430 

3.775 

0 954 

-3.602 

2 

3.838 

8.173 

4.335 

0.867 

-3.758 

3 

4.030 

8.990 

4.960 

0 788 

- 3.909 

4 

4.231 

9.889 

5.658 

0 717 

-4.057 

5 

4.443 

10.878 

6.435 

0 652 

-4.196 

6 

4.665 

1 1.966 

7.301 

0 592 

-4.332 

7 

4.898 

12.803 

7.905 

0.538 

-4.253 

8 

5.143 

13.700 

8.557 

0 489 

-4.184 

9 

5.400 

14.658 

9.258 

0 445 

-4.120 

10 

5.670 

15.685 

10.015 

0 405 

-4.056 

II 

5.954 

16.782 

10.828 

0.368 

-3.985 

12 

6.251 

17.957 

1 1.706 

0.334 

-3.910 

13 

6.564 

19.214 

12.650 

0 304 

-3.846 

14 

6.892 

20.559 

1.3,667 

0.276 

-3.772 

13 

7.237 

21.998 

14.761 

0.251 

-3.705 

16 

7.598 

23.538 

15,940 

0.228 

-3,6.34 

17 

7,978 

25.186 

17.208 

0 208 

-3.579 

18 

8.377 

26.949 

18.572 

0.189 

-3.510 

19 

8.796 

28.835 

20.039 

0 172 

-3,447 

20 

9.236 

30.854 

21.618 

0 156 

-3.372 

Sum  of  PV  annual  cmi  -177.227 


APPENDIX  E: 

THE  APPLICATION  OF  DRY 
SCRUBBERS  TO  WASTE-WOOD-FIRED 
BOILERS* 


Introduction 

The  Dry  Scrubber  is  a new  and  unique  application  lor 
granular  filtration  recently  introduced  to  the  gas  cleanup 
field  It  removes  particulate  from  the  gas  stream  in  a dry 
lorm.  utilizing  a moving  bed  of  filtering  media,  and.  in  so 
doing,  is  self-cleaning  while  operating  on  a continuous 
basis. 

Description 

Conceptually,  and  as  shown  in  Figure  El,  the  system 
consists  of  a cylindrical  vessel  containing  two  concentric, 
louvered,  cylindrical  tubes.  The  annual  space  between  the 
tubes  is  filled  with  pea-sized  gravel  media  The  particulate- 
laden  exhaust  gases  enter  the  filter  through  appropriate 
breeching  and  are  distributed  to  the  filter  face  by  the 
plenum  section  formed  between  the  outer  louvered 
cylinder  and  the  vessel  wall.  Dirty  gases  pass  through  the 
filter  media  at  velocities  ranging  from  100  to  ISO  ft 'min 
(depending  on  the  size  of  the  particulate  to  be  removed), 
and  the  particulate  is  removed  from  the  gas  stream  by 
impaction  with  the  media  Cleaned  gases  exit  to 
downstream  breeching  or  to  the  atmosphere  through  the 
exhaust  duct  formed  by  the  extension  of  the  inner  louvered 
tube. 

To  prevent  a filter  cake  from  forming  on  the  face  of  the 
filter,  and  the  resulting  potential  plugging  problems  and 
high  pressure  drop,  the  filtering  media  arc  continuously, 
but  slowly  ( I to  4 ft  hour),  moved  downward  in  plug  flow. 
The  resulting  churning  action  across  each  louver  opening 
prevents  a filter  cake  from  forming.  To  provide  complete 
cleaning  of  the  louver  face,  the  louvers  are  designed  sothat 
some  of  the  media  arc  pushed  through  each  louver 
opening,  thus  preventing  any  bridging  and  buildup  of  par- 
ticulate material. 

The  particulate-laden  media  are  continuously  removed 
at  the  bottom  of  the  Dry  Scrubber  where  they  are  cleaned 
and  transported  to  a bucket  elevator  by  action  of  a 
vibrating  feeder /screener  The  cleaned  media  arc  then 
conveyed  to  the  lop  of  the  Dry  Scrubber  and  via  gravity 
teed  arc  returned  to  the  unit  for  recycling. 


• C ondensed  from  a paper  presented  hv  R.G  Reese.  Vice  Pres  A 
Gen  Mgr  Commercial  Div  Combustion  Power  Co.  Inc..  Forest 
Products  Research  Society  Meeting.  .1  September  1175.  Denver. 
CO 


Operation 

Impaction  is  the  Dry  Scrubber's  principle  of  operation 
and  can  best  be  described  by  referring  to  the  operation  of 
the  cascade  impactor  measuring  instrument  used  by  the 
EPA.  other  regulatory  organizations,  and  testing 
laboratories  to  measure  the  size  distribution  of  particulate 
in  gas  streams.  Figure  F.2  is  a drawing  of  one  type  of 
cascade  impactor  which  consists  of  a series,  or  cascade,  of 
target  plates.  The  particulate-laden  exhaust  gas  to  be 
sampled  is  directed  to  each  plate  through  decreasing-sized 
nozzles  or  orifices  As  the  gas  passes  through  each  nozzle,  it 
achieves  a given  velocity  and,  in  seeking  a path  to  the  next 
nozzle,  diverts  around  its  target  plate  A particulate  of  a 
given  size,  and  larger,  has  too  much  momentum  to  make 
the  turn  and  impacts  on  the  target  As  the  gas  passes 
thiough  each  succeeding  nozzle,  it  is  accelerated  to  higher 
and  higher  velocity  and.  consequently,  smaller  and  smaller 
particulate  impacts  and  is  retained  by  each  succeeding 
target.  By  choosing  the  proper  size  nozzles,  the  size  of  the 
particulatethat  is  captured  by  each  plate  can  be  controlled 
within  very  close  limits  to  measure  very  small  particulate- 
well  into  the  submicron  range.12 

I he  Dry  Scrubber  consists  of  a thick  bed  of  pea-gravel 
type  media  and.  as  shown  in  Figure  FT.  can  be  envisioned 
as  a great  number  of  various-sized  nozzles  and  target  plates 
formed  by  individual  clusters  of  rocks,  each  of  which 
collects  particulates  by  impaction 

The  simplicity  ol  design,  the  self-cleaning,  moving-bed 
leaturc.  and  the  stability  and  inertness  of  the  filtering 
media  and  materials  of  construction  of  the  Drv  Scrubber 
make  it  insensitive  to  fluctuating  operating  conditions.  It 
can  operate  efficiently  over  a wide  range  of  gas  (low  rates 
and  is  tolerant  of  sparks,  temperature  excursions  in  excess 
of  750° F.  chemical  changes  in  the  gas  and  paniculate, 
condensation  during  cold  startup,  as  well  as  other  upset 
conditions  often  encountered  in  field  operation 

Efficiency 

The  moving  bed  feature  of  the  Drv  Scrubber  makes  it 
possible  to  adjust  the  efficiency,  or  output  particulate 
loading,  by  simply  regulating  the  filter  media  recirculation 
rate,  or  for  even  lower  output  dust  loadings,  changing  the 
size  of  the  inexpensive  filtering  media.  Either  of  these 
changes  can  be  accomplished  on  the  unit  “as-installed" 
without  affecting  operating  capacity  or  changing  exiting 
hardware.  A minor  change  in  operating  fan  horsepower 
will  be  required,  however,  to  compensate  for  the  slight 
increase  in  filter  pressure  drop. 


'’Brink.  .1  A..  Iiul  hvg  Chrm  50(19581  pp  654-8 
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DRY  SCRUBBER 

(PATENT  PENDING) 


ELEVATOR 


DETAIL  A 


MEDIA 

CLEANUP 

UNIT 


COMBUSTION  POWER  COMfiftNY,  INC, 

1346  WILLOW  ROAD,  MENLO  PARK, 
CALIFORNIA  94023 


Figure  El.  Dry  Scrubber. 


Figure  E2.  Cascade  impactor. 


Integral  Cyclone 

A study  of  waste-wood-fired  boiler  operation  has  shown 
there  is  heavy  emission  directly  from  the  boiler,  prior  to 
any  gas  cleanup,  and  that  a high  percentage  of  the 
particulate  constitutes  coarse,  frangible,  carbonaceous 
material.  Typical  installations  utilize  high-efficiency 
mechanical  collectors  in  the  form  of  cyclones  or 
multiclones.  To  achieve  high  efficiency,  high  gas  velocities 
are  required  to  generate  high  centrifugal  forces.  The 
combination  of  high  velocity  and  high  force  on  the 
particulate  at  the  cyclone  wall  causes  breakup  and  grinding 
of  the  coarse  particulate.  This  action  generates  fines,  thus 
compounding  the  emission  and  (inal  cleanup  problem.  If 
this  coarse  material  can  be  removed  with  minimum 
breakup,  not  only  is  it  better  suited  for  re-injection  back 
into  the  boiler  as  a usable  fuel,  hut  the  final  gas  cleanup 
problems  will  be  reduced. 

The  configuration  of  the  Dry  Scrubber  lends  itself  to 
incorporating  a low  energy  integral  cvclone  around  the 
outside  wall  of  the  Dry  Scrubber,  thus  enabling  common 
support  structure,  minimal  ground  area,  and  common 
breeching  to  be  used  for  the  combined  integral  cyclone  I)rv 
Scrubber  unit.  Figure  F.4  is  a schematic  of  the  integral 
cyclone  unit.  Figure  F5  is  a general  arrangement  drawing 
of  an  800  sq  ft  filter  area  modular  Dry  Scrubber  unit,  and 
Figure  E6  is  the  same  basic  unit  incorporating  the  integral 
cyclone.  Fach  of  these  units  has  a capacity  of  80.000  to 
100.000  acfm  and  will  handle  exhaust  gases  of  up  to  750°  F. 
Smaller  units  are  available  and.  to  gain  higher  capacity, 
modules  arc  added  together  without  limit. 

Development  Testing 

The  development  and  initial  testing  of  the  Dry  Scrubber 


unit  was  done  at  Combustion  Power  Company's  (CPC) 
Menlo  Park.  CA.  Research  Center  to  solve  a particle 
emission  problem  caused  by  the  fluid  bed  combustors 
being  operated  by  CPC  This  development  led  to  testing 
and  the  ultimate  installation  of  a .765  sq  ft  Dry  Scrubber 
unit  at  Weyerhaeuser  Company's  Snoqualmie  Falls 
I umber  Mill.  Snoqualmie  Falls.  WA.  This  system  (Figure 
F7)  has  been  in  successful  operation  for  more  than  one 
year,  operating  at  a mean  filter  gas  velocity  of  150  ft  min.  a 
gas  flow  rate  of  55.000  acfm  at  7(MT  to  750"  F.  and  a filter 
pressure  drop  of  5 in  of  H O while  maintaining  average 
outlet  loadings  of  005  gr  dry  standard  cu  ft 

Since  the  installation  at  Snoqualmie  Falls,  an 
appreciable  amount  of  testing  has  been  done  on  wood- 
wastc-tired  boilers,  recovery  boilers,  and  lime  kilns 
utilizing  a portable,  recirculating  Dry  Scrubber  Field  l est 
Unit  (Figure  FK)  From  the  results  of  these  tests,  contracts 
have  been  let  lor  lull-sized  Dry  Scrubber  installations  by 
various  companies  for  more  than  I million  cu  ft  of  gas. 

Test  results  for  a typical  wood-wastc-fircd  boiler 
installation  arc  as  follows: 


location: 
Date  Tested: 
lest  Data: 
Equipment 
on  Order: 


Boiler  Operation: 


Southeast  United  States 
.lanuary  1975 
Sec  Table  F I 

7 each.  Integral  Cyclone  Dry  Scrub- 
ber Units.  Model  No.  DS-800C. 
rated  at  700.000  acfm  at  750"  F.  to  be 
used  in  place  of  existing  multiclones 
upstream  of  air  heat  exchanger  and 
I D.  fan. 

Moving  grate.  Combination  wood- 
waste  and  fuel-oil  fired. 
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DRY  SCRUBBER 

(WITH  INTEGRAL  CYCLONE) 
(PATENT  PENDING) 


1346  WILLOW  ROAD,  MENLO  PARK, 


CALIFORNIA  94025 


Figure  E4.  Integral  cyclone  unit. 
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NOTE- 


FOUNDATION  PLAN 


1.  Droning  not  to  scale 

2.  Installed  weight,  epprox  250,000  lbs. 

3.  Nominal-Optional  locations  available 

4.  Minimum 

5.  Minimum  Foundation  Envelope 

6.  Mean  Filter  Areo  ■ 6C0  square  ft. 

7 Required  when  exhausting  directly  to 

atmosphere 


ELEVATION  VIEW 

COMBUSTION  POWER  COMPANY,  INC. 

1346  WILLOW  ROAD,  t.'ENLO  PARK, 

CALIFORNIA  94025 


Figure  E8.  Modular  Dry  Scrubber  with  integral  cyclone. 
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